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PHYTOTOXIC BLOOD SERA IN MEDICINE 


Davip I. Macut 


The present report is an admirable illustration of the advantages accru- 
ing both to pure research and to practical medicine from a collaboration be- 
tween the various fundamental physical, chemical, and biological sciences 
with the basic medical sciences of physiology, pharmacology, and _ bio- 
chemistry. 

Twenty-five years ago the present writer, who was at that time a lec- 
turer in pharmacology at the Johns Hopkins Medical School and associated 
with the father of American pharmacologists, the famous Professor Joha J. 
Abel, conceived the idea of making a comparative study in regard to the 
action of drugs and chemicals between living plant protoplasm and living 
animal protoplasm. By pharmacology as it is taught in most of our medical 
schools is meant of course a study of the effects of drugs, chemicals, and 
poisons on living animal protoplasm, animal tissue, or whole animal organ- 
isms. In other words, it is strictly speaking zoopharmacology. However, just 
as there are two kinds of physiologies, namely, zoophysioldgy or animal 
physiology and phytophysiology or plant physiology, so the author thought 
to develop a new branch of biology to which he gave the name of phyto- 
pharmacology or the study of drugs and chemicals on living plant proto- 
plasm, plant tissues, or whole plants (1, 2). 

The effects of drugs and poisons on plants may be studied in many ways. 
The plant physiologist may study the effects of chemicals on the germina- 
tion of seeds and respiration of seeds, on the growth of roots and stems and 
flowers, on the geotropie and heliotropie properties of plants, on the growth 
of yeasts and fungi, on the behavior of chloroblasts, on protoplasmic 
streaming, on the vital processes of phytosynthesis, on oxidation and re- 
duction phenomena, ete. In order to become familiar with plant physio- 
logical methods, the writer spent a year or more in the laboratories of the 
late Professor Burton E. Livingston of the Johns Hopkins University, who 
at that time was one of the leading plant physiologists in this country. In 
this way various methods of study were learned and selected as practicable 
for application to medical work. 

The most practical and fruitful approach to phytopharmacological 
problems was found to be in pursuing quantitative phytopharmacological 
studies on the root growth of Lupinus albus seedlings under standardized 
conditions of light, temperature, humidity, and many other ecological fac- 
tors. These methods have been described in full in various publications 
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by the writer and his collaborators. It was found very early by means of 
special phytopharmacological techniques that living plants responded often 
very differently to drugs and chemical agents from the way the same drugs 
or chemicals affected living animals. Thus for instance, by means of living 
plant test-objects one could easily distinguish between solutions of organic 
and inorganic mereury compounds. Again, by means of such very sensi- 
tive plant physiological test-objects, one could differentiate even between 
stereoisomers. Table 1 illustrates well how sensitive seedlings of Lupinus 


TABLE 1. Growth of Lupinus albus Seedlings in Solutiens of Some Isomers. 











Phytotoxie 
Index 
per cent 


Concentration 


) ‘hemie: ie Variety : . 
Drug or Chemical Optie Variety in Shive 





Quinine Sulfate 














Levo-rotatory 1: 2000 67 
Quinine Sulfate Levo-rotatory 1: 4000 71 
Quinidine Sulfate Dextro-rotatory 1: 2000 90 
Quinidine Sulfate Dextro-rotatory 1: 4000 94 
Cinchonidine Sulfate Levo-rotatory 1: 1000 69 
Cinchonine Sulfate Dextro-rotatory 1: 1000 91 
Leucine (alpha-amino-iso- Levo-rotatory 1: 100 81 
butyl acetic acid) 
Leucine (alpha-amino-iso- Racemic 1: 100 102 
butyl acetie acid) 
Camphor Racemic 1: 10000 53 
Camphor Dextro-rotatory 1: 10000 62 
Ortho-saligenin . 1: 5000 27 
Meta-saligenin ‘ 1: 5000 62 
Para-saligenin 1: 5000 81 
Brom-ortho-saligenin 1: 5000 22 
Brom-meta-saligenin 1: 5000 41 
Brom-para-saligenin 1: 5000 7 





albus are to various chemical compounds dissolved in plant-physiological 
solution. Here we see also the difference in phytotoxicity produced by iso- 
meric organic compounds. Not only is there a difference in toxicity ex- 
hibited by the two sets of structural isomeric compounds, the saligenins 
and brom-saligenins, the formulae of which are subjoined (fig. 1), but 
also by stereoisomers such as those of quinine, cinchonine, leucine, and 
camphor. Thus for instance, the stereoisomers of quinine, nicotine, adrena- 
lin, and camphor exerted different degrees of inhibition on the root growth 
of Lupinus albus seedlings. The most striking finding, however, was the 
marked difference between drugs or chemicals derived from the animal 
world and drugs and chemicals derived from the plant world. Zoogenetic 
chemicals were found to be much more toxic for living plant protoplasm 
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than phytogenetic substances. On the other hand, phytogenetic drugs were 
in general much more poisonous for animal protoplasm than for plant 
protoplasm. 

A single illustration will be very enlightening. Epinephrine or adrena- 
lin is a drug derived from the superarenal glands of animals. It was found 
to be a very powerful zoopharmacological agent, as is generally known, 
but it is not generally known that when tested on living plant protop)asm 
epinephrine is even more toxic for the root growth of Lupinus albus seed- 
lings. Vice versa, the drug known as ephedrine, sometimes called ‘‘ vege- 
table adrenalin,’’ which is substance derived from the plant world but 
possessing certain pharmacological properties similar to those of adrenalin 


OH OH OH 
CH,OH 
CH,OH 
CH,OH 
ortho-saligenin meta-saligenin para-saligenin 
OH OH OH 
/ CH0OH CH,OH Br 
Br Br CH,OH 
2 oxy-5 brom-benzyl alcohol mono-brom-meta- mono-brom-para- 
(Bromsalizol ) saligenin saligenin 


Fig. 1. Chemical structure of certain isomers. 


for animals, was found to be much more toxic for animal tissues than for 
plant tissues. 

The most important phytopharmacological findings made by the author 
and his associates, however, belong strictly to the medical field and are con- 
cerned with the biological properties of blood and blood serum. By em- 
ploying his special technique the author was successful in demonstrating 
for the first time certain toxic substances in the blood of animals, ineclud- 
ing man, which could not heretofore be demonstrated either by zoopharma- 
ecological methods or even by ordinary chemical and physiological experi- 
ments, 

Before describing briefly some of these findings with blood, we must 
define the term often employed by the writer, namely, index of growth. 
By the index of growth is meant the ratio of the root growth of a series of 
Lupinus albus seedlings grown in plant physiological hydroponic solu- 
tions to the growth of seedlings from exactly the same crop in exactly the 
same plant physiological solutions to which a small percentage (usually 1 
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per cent) of blood serum or other chemical or drug has been added. In 
other words, 


r 


Index of growth = N < 100 


It was found on examining the blood sera of all kinds of animals, both 
cold-blooded and warm-blooded, that the phytotoxie index of a 1 per cent 
solution usually ranges between 70 and 75 per cent. The only exception 
to this rule is the blood serum of reptiles (snakes, alligators, lizards, tur- 
tles, gila monsters, ete.) which was found to be more toxie than that of 
other animals. In fact, it was found that the blood serum of so-called non- 
venomous snakes, or snakes which possess no poison glands, was just as 
toxie as the blood serum of virulent poisonous reptiles. 

On examining the blood of human beings, it was found that the blood 
sera of normal individuals, both male and female, as well as blood sera 
from infectious diseases of bacterial origin were found to be non-toxic. 
To this there were only a few exceptions and this fact made the exceptions 
very important. Among the toxic blood sera of human beings were found 
to be, first, the blood serum of women during menstruation ; and the phyto- 
pharmacologi:al technique yielded the first quantitative experimental 
demonstration of the presence of such a menstrual poison, or menotozrin, 
which was suspected even in the most remote antiquity (3). 

The next condition in which the blood was found to be toxie was perni- 
cious anemia, in both sexes of course (4). Here the blood serum of perni- 
cious anemia patients yielded a very toxic index of growth in contrast to 
the sera of all other kinds of anemias and leukemias. This finding became 
useful in the differential diagnosis of doubtful cases of pernicious anemia, 
and furthermore, as described elsewhere, it showed that the so-called liver 
treatment of pernicious anemia, while improving the morphological blood 
picture of patients and their general condition, did not destroy the toxic 
substances present in their blood. However, exposure of their blood both 
in vitro and clinically to ultraviolet radiation did produce a complete de- 
toxification of pernicious anemia toxin. Another condition in which a 
toxic substance was demonstrated in the blood of human beings by plant 
physiological methods is leprosy (5). Still another disease was trachoma 
(6). This grave eye disease which was originally regarded as a local in- 
flammation of the conjunctiva was thus proven to be a systemic disease 
with local ocular manifestations. 

In the present communication the author wishes to call attention to 
three other conditions on which he has been working for many years and 
which have yielded very useful information through phytopharmacological 
studies, which information became of practical therapeutic and clinical 
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value in medical practice. The first of these is the very fatal disease known 
as pemphigus, a study of which was begun by the author with his late class- 
mate and friend, the dermatologist Dr. I. R. Pels. A routine examination 
by phytopharmacological methods of blood sera from all kinds of derma- 
toses revealed that in all of them with the exception of two, the blood sera 
yielded a phytotoxic index the same as that of normal sera. The two excep- 
tions were, first, leprosy which was just mentioned, and, second, the very 
grave disease with ninety per cent mortality known as pemphigus (7). 
Pemphigus is generally regarded as a skin disease but the recent studies 
by the present writer and his collaborators have definitely established that 
it is no more of a skin disease than smallpox. In other words, it is a sys- 
temic illness giving a characteristic toxic reaction of the blood and affect- 
. 


TABLE 2. Comparison of Blood Sera. 











Phytotoxic Ss Phytotoxie 

Index —— Index 
per cent per cent 

1. Normal human serum 70-75 13. Mononucleosis 80 
2. Menstrual 51-60 14. Bacterial Infections 70-75 
3. Pernicious Anemia 44-57 15. Eeclampsia 75 
4. Pemphigus 48-60 16. Syphilis 81 
5. Leprosy 47 17. Tuberculosis 78 
6. Trachoma 48 18. Searlet Fever 79 
7. Severe Secondary Anemia 65-69 19. Measles 80 
8. Carcinoma 70 20. German Measles 80 
9. Malarias 70 21. Varicilla 80 
10. Banti’s Disease 75 22. Post Puerperal (12 wks) 80 
11. Lymphatic Leukemia 70 23. Vaecima virus 80 
12. Myelagenous Leukemia 70 24. Herpes Simplex 84 





ing the patient’s constitution very profoundly, and is accompanied by 
characteristic bullae and other skin lesions. So striking is the phytopharma- 
cological action of pemphigus serum that the so-called Macht-Pels reaction 
or test is now generally accepted as a valuable diagnostic criterion for this 
disease, and specimens for diagnosis are received in the author’s laboratory 
almost every week. A further advance in the knowledge of this disease 
was made more recently by the writer in association with the late radiolo- 
gist, Dr. Mareus Ostro of the Sinai Hospital, Baltimore, when they dis- 
covered that when pemphigus serum in vitro is irradiated with especially 
filtered hard X-rays for a few minutes the toxicity of the serum is de- 
stroyed (8). This finding in vitro was the starting point of a new thera- 
peutic procedure in treating some patients afflicted with this hopeless 
disease, and it was found that cautious irradiation of these patients with 
deep X-rays in small doses over the spleen and liver produced a detoxifi- 
cation of their blood which was followed by more or Jess clinical improve- 
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Phytotoxic 
Date Index 








Dec. 4, 1945 In very bad shape, 
moribund 50% 

Dee. 6 Radiated ant. spleen 105r 
comp. filter 2 Cu 




































































Dee. 7 61% 

Dee. 8 Radiated ant. spleen 105r 

Dee. 9 75% 

Dec. 10 Radiated liver 110r 

Dee. 13 78% 

Dee. 19 88% 
‘ Dee. 27 89% 








Discharged improved, no lesions. 
Jan. 8, 1946 Few blebs reappear- 



















































































ing 62% 
Feb. 13 Readmitted, relapse 50% 
Feb. 18 Radiated ant. spleen 63r 
Feb. 20 Radiated ant. spleen 63r 75% 
Feb. 22 Radiated liver 63r 
Feb. 26 90% 
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PROTOCOL B. 
Pemphigus Case Mrs. B. 


Date 


Mar. 
Mar. 
Mar. 
Mar. 
April 
April 
April 


May 
June 
July 
A ug. 
Sept. 
Nov. 
Mar. 
May 
June 
Oct. 
Mar. 
Dee. 


+ 
18 


25 
*7 

4 
11 


15 


23 
13 
15 
21 
23 
6 
13, 
15 
9 
10 
Ri 


23 


Radiated liver 42r 


Definite improvement 
Definite improvement 
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ment in their general condition and skin lesions. In this way at least half- 
a-dozen patients have been saved from almost certain death by these phyto- 
pharmacological discoveries. In table 3 is given a protocol of a remarkable 
ease of pemphigus, that of Mrs. J. B. who was in a moribund condition, 
and who was saved by treatment with small doses of deep X-rays, filtered 
through a composite filter of 2mm. copper and 1 mm. of aluminum. Such 
eases are described in detail by Macht and Ostro in a medical journal. 

A second important condition in which phytopharmacology has led to 


TABLE 3. Effect of Radiotherapy on a Case of Pemphigus, showing change in 





Phytotoxic 


Discharged in greatly im- 


proved condition 


Well 
Well 
Well 
Well 
Well 
Well 
1947 


Quite well 
Quite well 
Quite well 


1948 Quite well 
Entirely well 
Mar. 1, 1949 Quite well 


I 


ndex 


90% 
72% 
83% 
70% 


71% 


72% 
69% 
68% 
70% 
80% 
70% 
71% 
71% 
72% 
72% 
72% 
72% 
72% 
7° 


‘a /o 


interesting discoveries which promise to become of clinical value are stu- 
dies on the pharmacology of the bolod sera from all kinds of mental pa- 
. tients which the present writer has been carrying on for the last ten years 
with the aid of physicians from various state hospitals for the insane. It 
was discovered by him that all psychoses, whether the so-called organic 
psychoses or the so-called functions psychoses, yield toxic reactions when 
examined by his special phytopharmacological methods. Thus toxic reac- 
tions were produced by blood sera from manic-depressive patients, schizo- 
phrenics, involutional melancholia, paresis, and other insanities. In con- 
trast to these, ordinary neurological, neurasthenic, and psychoneurotic pa- 
tients yielded blood sera which behave exactly like normal human serum. 
The importance of these findings will be stressed by the writer in a more 
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detailed communication to be presented in the near future before special 
medical societies, but it is obvious that these findings promise to become 
a valuable aid both in differential diagnosis of true insanities and also as 
a starting point of criterion for evaluating therapeutic procedures. In 
table 4 are given the phytotoxie readings obtained by the writer with the 
blood sera of some psychotie patients. Such studies, owing to their obvious 
importance, have been in progress for a number of years, and will be pre- 
sented in detail in the near future. 

In the last three years thé author has been interested in another very 
baffling though not fatal disease, namely, psoriasis. This is a very trouble- 
some and disagreeable skin affliction concerning which very little is known 
and the writer has been fruitlessly seeking for an approach to the path- 
ology of this disease. Recently, a new approach was devised and promises 


TABLE 4. Phytotoxic Indices of Some Psychotic Blood Sera. 








Phytotoxie 
Patient Diagnosis Index 
per cent 





E. 8S. Schizophrenia, catatonic hypokinetie type 44 
H. R. Schizophrenia, catatonic hypokinetic type 42 
F. N. Schizophrenia, catatonic hyperkinetic type. 58 
D. H. Schizophrenia, catatonic hyperkinetic type 58 
C. H. Involutional melancholia type 52 
M. R. Involutional melancholia type 50 
B. B. Manic-depressive type 54 
J. H. Manic-depressive type 57 











to be of considerable value both in diagnosing psoriasis and as a criterion 
in evaluating various treatments employed by physicians for this condi- 
tion. The approach was through phytopathological lines. All of the phyto- 
pharmacological studies on blood were hitherto carried on by him by em- 
ploying normal and healthy Lupinus albus seedlings. Now, it is well known 
that various plant physiologists and especially those in Russia have re- 
ported a remarkable success in agricultural and horticultural experiments 
by the employment of so-called ‘‘yarovized’’ plants. This phenomenon of 
““varovization’’ is perhaps better known among English-speaking physi- 
ologists as ‘‘vernalization.’’ A simple method of producing yarovized seed- 
lings is by exposure of such seedlings for a period of twenty-four hours to 
low temperatures, but not temperatures low enough to kill the plants. By 
employing such vernalized seedlings the author recently demonstrated a 
marked difference in the phytotoxie indices given by solutions of the well- 
known drug ethyl-carbamate or urethane which is now being studied by 
medical investigators in connection with leukemia and cancerous growths. 
It was found that whereas even quite concentrated solutions of urethane 
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inhibit the root growth of ordinary normal lupine seedlings but very little 
indeed, a markedly phytotoxic action was exerted by very much more 
dilute concentrations of the same drug on vernalized seedlings. Employing 
the same technique in studying the blood sera of psoriasis, the author suc- 
ceeded in demonstrating a definite phytotoxie effect produced by psoriasis 
serum on vernalized plants although normal plants were not affected by 
such sera at all and in fact gave higher indices even than normal blood 
sera. In this way already a series of psoriatic cases were studied and in 


TABLE 5. Psoriasis Sera Versus Control Sera. 











Psoriasis Sera Control Sera 















ee Phyto- Verna- Phyto- : Phyto- Verna- Phyto- 
Plants toxic lized toxie Normals Plants toxie lized toxic 
ais Index Plants Index Index Plants Index 
per cent per cent per cent per cent 

No. 1 83 65 Normal human serum 75 75 

2 70 49 a hes id 77 70 

3 82 51 — BP bo 71 71 

4 82 43 es és sig 71 75 

5 88 43 ing mm Se 72 75 

6 81 50 oP 4 « aR 78 78 

7 91 56 Cat blood serum 84 84 

8 70 50 P20 1938 ef 71 74 

9 81 49 Carcinoma 74 75 

10 99 58 B. 875 70 73 

1] 9] 64 B. 876 7 73 

12 77 53 B. 880 70 73 

13 86 53 B. 883 66 69 

14 81 41 Scleroderma 87 86 

15 90 49 Leukemia (lymph) 78 76 

16 82 57 Schizophrenia 42 48 

17 76 58 Manie depressive 33 35 

18 85 63 Lupus erythematosus 65 63 

19 93 52 Menstrual serum 55 52 

20 86 62 Pernicious anemia 55 52 

21 82 45 of si 53 53 

22 70 52 Pemphigus 44 44 

23 73 47 in 51 53 

24 92 37 ag 58 54 


Av. Index 82.9 Av. Index 50.7 
















each case a phytotoxie effect on yarovized plants was demonstrated. Con- 
trol experiments with normal blood-sera and sera from various other 
diseases revealed that they do not affect significantly or at all such yaro- 
vized plants. This new psoriasis test promises to be useful in evaluating the 
results of different methods of therapy. For instance, the author has found 
in vitro that psoriatic blood serum exposed to ultraviolet rays is no longer 
toxic for vernalized plants and it is well known that ultraviolet irradia- 
tions are employed by dermatologists in psoriatic patients. The same was 
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found in vitro after exposure of psoriasis sera to small doses of filtered 
X-rays. Finally, a detoxification was produced in vitro of psoriatic blood 
serum which was mixed with small doses of sarsaponin, an active principle 
found in the plant root of Smilax sarsaparilla'. Studies as to whether pa- 
tients treated with various agents such as just mentioned and with other 
agents will yield a detoxified psoriatic blood are now in progress. It is thus 
seen that the opening of a new experimental approach to studying biologi- 
cal phenomena, namely, with the development of the new branch of biology 
to which the name phytopharmacology has been given, discoveries have 
been made which are both of purely scientific interest and at the same time 
of considerable value in studies on the diagnosis, pathology, and therapy 
of different clinical conditions in men. 


DEPARTMENT OF PHARMACOLOGY, LABORATORIES OF THE SINAI HosPiITaAL 
BALTIMORE, MARYLAND 
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ANTIBACTERIAL ACTIVITY OF SEEDLING 
OF CULTIVATED PLANTS 


EXTRACTS 





Huspert A. Harris 


Since the first extensive survey of higher plants for antibacterial sub- 
stances by Osborn (1943), similar surveys have been conducted by Hud- 
dleson, DuFrain, Barrons, and Geifel (1944), Lucas and Lewis (1944), 
Sanders, Weatherwax, and McClung (1945), Carlson, Bissell, and Mueller 
(1946), Hayes (1947), and Carlson, Douglas, and Robertson (1948). 

Among these surveys are included some cultivated plants, but chiefly 
they involved tests on field collections of wild plants. Cultivated plants, 
containing antibacterial substances of therapeutic value, would, in general, 
have greater economic production advantages over wild plants possessing 
such substances because of their greater adaptability to commercial prop- 
agation. 

Sereening tests of higher plants for antibacterial substances have pre- 
sented investigators with several difficulties. Aside from the task of col- 
lecting widely scattered plants in the field and maintaining them in a 
fresh condition for testing, the antibacterial substances are not always of 
general occurrence in the plant. Instead, it has been reported that they 
may be concentrated only in a single part such as the root, stem, bark, 
leaf, flower, fruit, or seed. Tests are therefore necessitated on each separate 
plant part and certain parts frequently are unavailable from field speci- 
mens. Antibacterial activity, too, has been determined to be influenced by 
varietal character, age of the plant, and the temperature under which the 
plant is growing when collected. More recently, and during the course of 
the present investigation, Carlson and Douglas (1948) have shown that 
screening tests of plants for antibacterial substances require the use of 
more than one solvent for extractives before a plant can be discarded as 
lacking antibacterial activity. 

Irving, Fontaine, and Doolittle (1945) reported that lycopersicin, later 
renamed tomatin by them (1946), was absent in the seed of the tomato 
plant, but appeared in seedlings germinated in the dark and in the plant 
within eight days after planting. Screening tests could be partially sim- 
plified if seedlings contain antibacterial substances that persist in the 
mature plant. It is recognized that such substances in the mature plant 
may not be present in the seedling stage, but, conversely, antibacterial 
substances may possibly be transitory in seedlings and not occur in ma- 
ture plants. This presents no serious objection, however, since one of the 
244 
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chief objectives of screening tests is to discover indications of antibacterial 
activity for further investigation. Screening tests do not purport alto- 
gether to exhaust the antibacterial possibilities of extracts of individual 
plants; hence positive antibacterial activity in seedling extracts might 
afford valuable data. 


TABLE I. Antibacterial Activity of Seedling Extracts. 


Seedlin E. col. Wee; 8. lut. 
g 








Compositae 
Carthamus tinctorius (saffron) 661 44 
Cynara cardunculus (cardoon) 661 
Cynara scolymus (artichoke) green globe 3 ++P 
Convolvulaceae 
Ipomea noctiflora (moon flower) 376 
Cruciferae 
Brassica oleracea var. italica (sprouting 
broccoli) Italian green sprouting 159 
Cheiranthus cheiri (wallflower) 382 
Iberis umbellata (candytuft) 208 
*Iberis umbellata (candytuft) 208 
Malcomia maritima (Virginian stock) 381 
*Malcomia maritima (Virginian stock) 381 
Gramineae 
Zea mays var. saccharata (sweet corn) 
golden bantam extra early 851 .. 
Liliaceae 
Allium cepa (onion) yellow globe Danvers 
77 
Allium porrum (leek) ‘large American flag 
171 
Rosaceae 
Geum chiloense (Mrs. Bradshaw geum) 344 
Solanaceae 
Capsicum frutescens var. grossum _— 
pepper) ruby king 97 . a 
Lycopersicum esculentum (tomato) pon- 
derosa 133 tiesto ~ 
Tropaeolaceae 
Tropaeolum peregrinum (canary bird vine) 
302 b 

















* Antibacterial activity of mature plant extract. 
—=no inhibition. 
+=13-16 mm. zone of inhibition. 
++= 17-21 mm. zone of inhibition. 
= 22-26 mm. zone of inhibition. 
+4+++ 27-30 mm, zone of inhibition. 
P=partial inhibition. 


The results of a preliminary test indicated sufficient correlation be- 
tween comparative tests on the occurrence of antibacterial substances in 
the extracts of 15 different species of seedlings and the extracts of the 
mature stages of these same plants to warrant a more extensive survey for 
antibacterial substances in cultivated plants using seedling extracts. 
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In this preliminary test, seedling extracts of two species of plants be- 
longing to the Cruciferae, Zberis umbellata (candytuft) and Malcomia 
maritima (Virginian stock), showed comparable antibacterial activity for 
both the seedling extracts and the mature plant extracts as shown in 
table 1. The extracts of both seedlings and mature plants of 13 different 
species of plants showed negative antibacterial activity with all four bac- 
terial test organisms. These plants were as follows: Convolvulaceae, 
Quamoclit pinnata (cypress vine), Q. sloteri (cardinal climber) ; Caryo- 
phyllaceae, Dianthus chinensis var. heddewigii (pinks) ; Labiatae, Satureia 
hortensis (summer savory); Leguminosae, Pisum sativum (garden pea) ; 
Linaceae, Linum grandiflorum var. rubrum (scarlet flax); Malvaceae, 
Althaea rosea (hollyhock) ; Nyctaginaceae, Mirabilis jalapa (four o’clock) ; 
Papavaraceae, Escholtzia californica (california poppy); Scrophularia- 
ceae, Delphinium hybridum (larkspur); Solanaceae, Petunia hybrida 
(common garden petunia), Nicotiana alata var. grandiflora (flowering 
tobacco) ; Tropaeviaceae, Tropaeolum majus (garden nasturtium). 

The present investigation reports in vitro tests for water-soluble anti- 
bacterial substances in 145 different species and varieties of cultivated 
plant seedlings belonging to 37 different families, using two Gram-nega- 
tive and two Gram-positive bacteria as test organisms. 


Materials and Methods. The various seeds' were planted in moist 
sand in greenhouse flats and the seedlings, except in a few instances of 
slow germination, wer: two to three weeks old when tested for antibacterial 
properties. Greenhou: temperatures were 20—30° C. The seedlings were 
freed of sand by sever‘l rinsings in distilled water and the entire seedlings 
were crushed thoroughly with mortar and pestle to extract the juice, 
which was tested imm« diately against each of the following four bacteria: 
Esch oli: ATCC 9739. Serratia marcescens: ATCC 4261. Staphylo- 
coceus Lu : Oxford strain H, ATCC 9144. Sarcina lutea: stock labora- 
tory culture, source unknown. 

The filter paper dise method of Vincent and Vincent (1944) was used 
to determine comparative qualitative tests of antibacterial substances in 
the seedling extracts. Filter paper dises (Schleicher and Schuell, no. 740-E, 
12.7 mm. diam.) were saturated in the test extract, the excess fluid gently 
shaken off, and placed on seeded nutrient agar plates. Six dises, comprising 
duplicate tests of extracts from three different kinds of seedlings, were 
spaced equidistant on each agar plate. 

Before being used for seeding the agar plates, each bacterial test organ- 
ism was transferred three times on successive days to 10 ml. of nutrient 
broth. All broth cultures, save those of S. marcescens, were incubated at 


1 The seeds used in these experiments were supplied by the courtesy of the North- 
rup and King Seed Company, Minneapolis, Minnesota. 
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37° C for 16-20 hrs. The latter cultures were incubated at room tempera- 
ture (23-27° C). 

Nutrient agar was dispensed (20 ml.) into sterile petri dishes with a 
sterile pipette; the surface of the solidified agar was flooded with a culture 
suspension of the test organism and the excess suspension pipetted off. The 
surfaces of the flooded agar plates, with the covers removed, were dried 
for 45 min. in a 37° C ineubator. The test plates were incubated at the same 
temperatures and for the same time intervals as for the test bacteria in 
nutrient broth. 

Measurements were recorded to the nearest 0.5 mm. of the outside dia- 
meters of the inhibitory zones of the test organisms by means of pointed 
dividers under a magnifying lens. : 

Experimental Results. Many of the varieties of cultivated plants used 
in this investigation are either unknown or doubtful even to the seedsmen. 
Consequently, the varieties tested are listed only for certain ones, but all 
plants tested are more specifically referred to by the seed company’s packet 
number which is listed after each plant name. The nomenclature employed, 
with few exceptions, is that of Bailey (1927). 

As shown in table 1, positive tests for antibacterial activity, against one 
or more test organisms, were obtained with seedling extracts of 17 different 
species of eultivated plants belonging to nine different families, 

The antibacterial substances, in general, were more effective against 
the Gram-positive than Gram-negative bacteria. With few exceptions, the 
latter organisms were only partially inhibited or not at all. The sex ling 
extract of only one plant species, Malcomia maritima (Virginian stock), 
showed some activity against all four test organisms 

Seedling extracts of the following plant species or varieties exhibited 
negative antibacterial activity with all four test organisms. 

Amaranthaceae 

Celosia argentea (plumed cockscomb) 340 

Gomphrena globosa (globe amaranth) 398 
Apocynaceae 

Vinea rosea (Madagascar periwinkle) 380 
Balsaminaceae : 

Impatiens balsamina (garden balsam) 202 
Boraginaceae 

Anchusa capensis (bluebird) 226 

Borago officinalis (borage) 3379 

Cynoglossum amabile (cynoglossum) 212 

Myosotis sylvatica (forget-me-not) 364 
Campanulaceae 

Campanula medium var. calycanthema (cup and saucer Canterbury bell) 338 

Lobelia erinus var. compacta (lobelia) 345 
Capparidaceae 

Dianthus barbatus (sweet William) 4851 

Dianthus caryophyllus (carnation) 333 
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Dianthus chinensis var. heddewigii (pinks) 216 
Gypsophila elegans (baby’s breath, crimson) 264 
Gypsophila elegans (baby’s breath, white) 214 


Chenopodiaceae 
Beta vulgaris (beet) Detroit dark red turnip 3 
Beta vulgaris var. cicla (Swiss chard) Fordhook giant 8 
Beta vulgaris var. crassa (sugar beet) U. 8. strain 199 
Kochia trichophylla (summer cypress) 215 
Spinacia oleracea (spinach) Bloomsdale 118 


Compositae 
Ageratum houstonianum (floss flower) 359 
Artemesia absinthium (wormwood) 661 
Bellis perennis (English daisy) 358 
Brachycome iberidifolia (Swan river daisy) 337 
Calendula officinalis (pot marigold) 204 
Callistephus chinensis (China aster) 301 
Centaurea cyanus (bachelor’s button) 203 
Chrysanthemum maximum (Shasta daisy) 353 
Cichorium endiva (endive) green curled 166 
Cichorium intybus (chicory) witloof 163 
Coreopsis coronata (tickseed) 276 
Coreopsis lanceolata (coreopsis) 271 
Cosmos bipinnatus (cosmos) 210 
Dahlia pinnata (dahlia) 387 
Gaillardia aristata (gaillardia) 375 
Helianthus annuus (sunflower) 232 
Lactuca sativa (lettuce) black-seeded Simpson 46 
Lactuca sativa var, romana (cos lettuce) Paris white cos 184 
Tagetes erecta (African marigold) 346 
Taraxacum officinale (common dandelion) improved thick leaf 177 
Thelesperma hybridum (cosmidium) 257 
Tragopogon porrifolius (salsify) Sandwich Island 115 
Zinnia grandiflora (zinnia) 289 
Convolvulaceae 
Ipomoea noctiflora (moonflower) 376 
Quamoclit pinnata (cypress vine) 305 
Quamoclit sloteri (carbinal climber) 339 
Cruciferae 
Alyssum maritimum (sweet alyssum) 223 
Brassica caulo-rapa (kohl-rabi) early white Vienna 169 
Brassica juncea (Chinese mustard) Chinese broad leaf 173 
Brassica napobrassica (rutabaga) American purple top 151 
Brassica oleracea var. acephala (collards) Georgia 164 
Brassica oleracea var. acephala (kale) dwarf green curled 168 
Brassica oleracea var. botrytis (cauliflower) snowball No. 16 domestic 30 
Brassica oleracea var. capitata (cabbage) late flat Dutch 16 
Brassica oleracea var. gemmifera (Brussel’s sprouts) Long Island improved 179 
Brassica pekinensis (Chinese cabbage) Chihili 195 
Brassica rapa (turnip) purple top strap leaved 145 
Eruca sativa (roquette) 661 
Lepidium sativum (garden cress) curled 86 
Raphanus sativus (radish) early scarlet turnip 106 
Cucurbitaceae 
Citrullus vulgaris (watermelon) Kleckley’s sweets 64 
Cucumis melo var, reticulatus (muskmelon) Rocky Ford 55 
Cuburbita pepo (field pumpkin) early sweet sugar 101 
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Cucurbita pepo var. condensa (summer squash) giant summer crook neck 121 
Cucurbita pepo var. ovifera (ornamental gourd) 365 
Cucumis sativus (cucumber) Boston pickling 37 
Dipsaceae 
Scabiosa atropurpurea (mourning bride) 236 
Euphorbiaceae 
Euphorbia marginata (snow on the mountain) 270 
Ricinus communis (castor bean) 250 
Hydrophyllaceae 
Nemophila menziesii var. insignis (baby blue eyes) 277 
Labiatae 
Hyssopus officinalis (hyssop) 661 
Melissa officinalis (lemon balm) 199 
Nepeta cataria (catnip) 12: 
Ocimum basilicum (basil) 51 
Origanum majorana (sweet marjoram) 156 
Rosmarinus officinalis (rosemary) 3376 
Salvia officinalis (sage) 157 
Satureia hortensis (summer savory) 193 
Thymus vulgaris (thyme) 158 
Leguminosae 
Dolichos lablab (hyacinth bean) 265 
Lathyrus odoratus (sweet pea) 329 
Lupinus hartwegii (lupine) 266 
Phaseolus vulgaris var. humilis (bush bean) giant stringless green pod 809 
Pisum sativum (garden pea) little gem 835 
Liliaceae 
Asparagus officinalis (garden asparagus) Mary Washington 50 — 
Linaceae 
Linum grandiflorum var. rubrum (searlet flax) 274 
Malvaceae 
Althaea rosea (hollyhock) 307 
Hibiscus esculentus (okra) mammoth long green podded 174 
Hibiseus sp. (hibiseus) 219 
Nyctaginaceae 
Mirabilis jalapa (four o’elock) 213 
Onagraceae 
Clarkia elegans (clarkia) 363 
Godetia grandiflora (godetia) 272 
Papavaraceae 
Eschscholtzia californica (California poppy) 205 
Papaver rhoeas (Shirley poppy) 234 
Polemoniaceae 
Phlox drummondii (phlox) 378 
Portulaceae 
Portulaca grandiflora (rose moss) 348 
Polygonaceae 
Rheum rhaponticum (garden rhubarb) mammoth Victoria 176 
Rumex acetosa (sorrell) 3374 
Ranunculaceae 
Aquilegia longissima (long spurred columbine) 341 
Delphinium hybridum (larkspur) 217 
Nigella damascena (love in the mist) 273 
Resedaceae 
Reseda odorata (common mignonette) 222 
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Rutaceae 

Ruta graveolens (rue) 661 
Scrophulariaceae 

Antirrhinum majus (common snapdragon) 354 

Digitalis purpurea (foxglove) 343 

Linaria maroccana (linaria) 389 

Nemesia strumosa (nemesia) 350 
Solanaceae 

Nicotiana alata var. grandiflora (flowering tobacco) 377 

Petunia hybrida (common garden petunia) 243 

Salpiglossis sinuata (painted tongue) 319 

Schizanthus wisetonensis (butterfly bush) 237 

Solanum melongena var. esculentum (eggplant) black beauty 165 
Tropaeolaceae 

Tropaeolum majus (garden nasturtium) 225 
Umbelliferae 

Anethum graveolens (dill) 155 

Apium graveolens (celery) golden self-blanching 31 

Apium graveolens var. rapaceum (celeriac) giant Prague 35 

Carum carvi (caraway) 661 

Coriandrum sativum (coriander) 2101 

Daucus carota (carrot) Chantenay 28 

Ferula communis (giant fenne!) finoechio 2507 

Foeniculum dulce (sweet fennel) 661 

Pastinaca sativa (parsnip) improved hollow crown 92 

Petroselinum hortense (parsley) dark moss curled 88 

Pimpinella anisum (anise) 3380 

Trachymene caerulea (blue lace flower) 336 
Verbenaceae 

Verbena hybrida (common garden verbena) 249 
Violaceae 

Viola cornuta (bedding pansy) 311 

Correlation of Results With Other Investigations. Seven of the 15 
plant species whose seedling extracts showed antibacterial action in the 
present investigation have been tested for antibacterial activity by other 
investigators. These seven are: Brassica oleracea var. italica (sprouting 
broccoli), Cheiranthus cheiri (wallflower), Malcomia maritima (Virginian 
stock), Zea mays var. saccharata (sweet corn), Allium cepa (onion), 
Capsicum frutescens var. grossum (bell pepper), and Lycopersicum escu- 
lentum (tomato). 

Osborn (1943) found that the extracts of the seeds of white and purple 
varieties of sprouting broccoli inhibited EZ. coli and S. aureus. 

She reported also that the vegetative extracts of the wallflower inhibited 
these same organisms as a result of enzyme action. Sanders (1946) reported 
that cheiroline, a substance extracted from the seeds of the wallflower, 
yielded negative effects on certain pathogenic fungi. 

The extracts of the seeds of Virginian stock were reported by Osborn 
(1943) to inhibit Z. coli and S. aureus. 

The juice of sweet corn was reported by Little and Grubaugh (1946) 
to be inhibitive to Eberthella typhosa, E. coli, Salmonella paratyphi A, 
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8. aureus, Erwima carotovora, Phytomonas stewartii, and two forms of 
the fungus Fusarium oxysporum, f. melonis and f. nivewm. 

The antibacterial properties of the onion, especially onion vapors, have 
been well established by Brown (1917), Sarti (1919), Walker, Lindegren, 
and Bachman (1925), Lovell (1937), Vollroth, Walton, and Lindegren 
(1937), Ingersoll, Vollroth, Scott, and Lindegren (1938), Fuller and Hig- 
gins (1940), Tokin (1943), Huddleson, DuF rain, Barrons, and Giefel 
(1944), Kovalenok (1944), Pederson and Fisher (1944), Toroptsev and 
Filatova (1944), Carpenter (1945), and Sanders, Weatherwax, and Me- 
Clung (1945). 

Seedling extracts of pepper were reported by Tokin (1943) to exhibit 
powerful bactericidal properties and to affect protozoa after prolonged 
exposure. 

Irving, Fontaine, and Doolittle (1945) reported the extraction of an 
antibacterial substance, later termed tomatin (1946), from the tomato 
plant. This substance has become the subject of further investigations in 
a series of papers: Fontaine, Irving, and Doolittle (1947), Irving (1947), 
Fontaine, Ma, Poole, Porter, and Naghski (1947), Ma and Fontaine (1948), 
and Fontaine, Irving, Ma, Poole, and Doolittle (1948). Extracts of tomato 
plants were found by Little and Grubaugh (1946) to inhibit 8S. paratyphi 
A, S. aureus, and three forms of Fusarium oxysporum: f. conglutinans, f. 
lycopersici, and f. melonis. Pederson and Fisher (1944) and Carpenter 
(1945) reported little, if any, inhibition by tomato juice of certain bacteria. 

Several of the species of plants whose seedling extracts yielded anti- 
bacterial activity in the present investigation have been tested for anti- 
bacterial properties by a number of other investigators. 

Sherman and Hodge (1936) found juices of cabbage and turnip to 
inhibit Aerobacter aerogenes, E. coli, Phytomonas campestris, and natural 
mixed bacterial flora from the exterior of plant tissues. Negative anti- 
bacterial activity resulted with the juices of carrot, cueumber, and parsnip 
on the same bacteria. 

Osborn (1943) found that the extracts of the seeds of Brussels sprouts, 
borecole, broccoli, cabbage, cauliflower, and kohl-rabi inhibited Z. coli and 
S. aureus, but extracts of the vegetative parts of these same plants pro- 
duced only a slight partial inhibition of S. aureus. 

Huddleson, DuFrain, Barrons, and Geifel (1944) reported that the 
juice of rhubarb inhibited Brucella abortus and S. aureus. The active sub- 
stance was present only in the petiole of the plant. 

Lueas and Lewis (1944) were unable to demonstrate antibacterial ac- 
tion of cabbage and turnip extracts against EZ. coli, Phytomonas campestris, 
P. phaseoli, and 8. aureus. 

Pederson and Fisher (1944) demonstrated the antibacterial activity 
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of cabbage juice toward certain Gram-negative bacteria occurring on the 
surface of cabbage leaves, E. coli, and S. aureus. Little, if any, inhibition 
was noted with juices of broccoli, Chinese cabbage, carrot, cauliflower, 
celery, cucumber, and turnip on the same bacteria. 

Carpenter (1945) obtained negative antibacterial results with the 
juices of beet and celery on E. coli, Pseudomonas aeruginosa, and S. aureus. 

Sanders, Weatherwax, and McClung (1945) found the extract of 
chicory to inhibit EZ. coli and 8S. aureus. The extracts of asparagus and the 
wild carrot failed to inhibit either organism. 

Little and Grubaugh (1946) obtained inhibition of E. typhosa, and 
S. paratyphi A with bean juice. The juice of cauliflower inhibited FE. typhosa 
and cucumber juice inhibited Erwinia carotovora. 

Hayes (1947) found little or no inhibition of EF. carotovora, E. coli, 
Phytomonas tumefaciens, and 8. aureus with the extracts of asparagus, 
carrot, chicory, and dandelion. 

Carlson, Douglas, and Robertson (1948) obtained negative antibacterial 
activity using aqueous extracts of mature sunflower plants against EF. coli 
and S. aureus. However, ether extracts of the flowers completely inhibited 
S. aureus., but this organism was only partially inhibited by similar ex- 
tracts prepared from the root-stem and leaf. 

Discussion. The present investigation shows that seedling extracts are 
of value for antibacterial screening tests of higher plants and that such 
seedling extracts can be tested quite readily. The use of several extractive 
solvents, as recommended by Carlson and Douglas (1948), would be appli- 
“able with seedling extracts if the filter paper disc method of testing is 
employed since this method requires the use of very small quantities of 
test extracts. 

The occurrence of antibacterial substances in seedling extracts com- 
pares favorably on a percentage basis with the screening tests of some 
other investigators employing the use of extracts from mature plants or 
plant parts. The results of some of these latter surveys show approximately 
the following percentages of plants possessing antibacterial properties to 
the total number of plants tested: Atkinson and Rainsford (1946), 15 per 
cent; Hayes (1947), 16 per cent; Sanders, Weatherwax, and McClung 
(1945), 10 per cent; Carlson, Bissell, and Mueller (1946), 4 per cent; and 
Carlson, Douglas, and Robertson (1948), 20 per cent. The results of the 
present investigation show 12 per cent. 

The in vitro tests of the seedling extracts of cultivated plants indicate 
the presence of a few hitherto unreported antibacterial substances ap- 
parently worthy of further investigation. 
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SUMMARY 


1. Data are presented for in vitro screening tests for antibacterial sub- 
stances in the seedling extracts of cultivated plants belonging to 37 dif- 
ferent families using Escherichia coli, Serratia marcescens, Sarcina lutea, 
and Staphylococcus aureus for test organisms. 

2. The use of seedling extracts is of value in screening tests of higher 
plants for antibacterial substances. 

3. Approximately 12 per cent of the total number of different kinds of 
plant seedling extracts tested evidenced antibacterial properties. 


DEPARTMENT OF BIoLoGy, UNIVERSITY OF COLORADO 
BOULDER, COLORADO 
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THE ISOLATION OF SCOPOLETIN, A BLUE-FLUORESCING 
COMPOUND FROM OAT ROOTS 


RicHarD H. GoopWIN AND FREDERICK KAVANAGH 


In an investigation of the fluorescence of roots (Goodwin & Kavanagh 
1948), it was found that oats were a very rich source of a blue-fluorescing 
material, which was readily extracted with n-butanol, acetone, and other 
solvents. The extracts were separated into a number of different fractions, 
each of which exhibited different chemical properties. The fractions were 
distinguished by the relation between fluorescence and: hydrogen ion con- 
centration of the solution. The shapes of the pH-fluorescence curves were 
very distinctive. 

The pH-fluorescence curves of a number of naturally-occurring organic 
compounds have been determined (Kavanagh & Goodwin 1949; and un- 
published). Attempts to match these curves with those of the fluorescing 
fractions from oat roots proved unsuccessful until we recently obtained 
a sample of scopoletin (6-methoxy-7-hydroxy coumarin or 6-methoxy-7- 
hydroxy 1:2 benzopyrone). 

CHO 
3 
HO SO 

The pH-fluorescence curve of this compound had a shape very similar 
to that of one of our fractions (fraction b) from oat roots. A substance 
having some properties identical to those of scopoletin was then prepared 
from oat roots by a procedure recommended for the isolation of scopoletin. 

Method of Extraction. The roots, amounting to 120 grams, were har- 
vested from 3,300 five-day-old oat seedlings, Avena sativa var. Victory, 
germinated on filter paper in the laboratory. These were extracted by the 
method described by Best (1944). The roots were covered with 240 ml. of 
05 N H.SO, and 100 ml. of chloroform and allowed to stand overnight. 
The chloroform was decanted and another 100 ml. of chloroform were 
added. After another twelve hours the second batch of chloroform was 
removed. The two chloroform fractions were combined and shaken re- 
peatedly with 25 ml. portions of .005 M ammonium hydroxide. The am- 
monium hydroxide fractions were combined, acidified to about pH 2.5, 
and extracted with five portions of 50 ml. of chloroform. The chloroform 
fractions were then combined, dried over neutral caleium chloride, and 
filtered, and a small sample was removed for fluorometric study. The re- 
mainder was evaporated to dryness under vacuum. Approximately 3.8 mg. 
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of material were obtained. The residue was dissolved in 5 ml. benzene and 
put on a column of alumina 80 to 200 MM (alumina adsorption, Fisher 
Scientific Company). The brightly blue fluorescent material was strongly 
adsorbed at the top of the column and was washed repeatedly with ben- 
zene. The column was then washed with ethyl ether and subsequently with 
chloroform, but the fluorescent material remained at the top of the column 
during these washings. The alumina on which the fluorescent material was 
adsorbed was mechanically removed and eluted with .005 M ammonium 
hydroxide. The ammonium hydroxide was acidified to pH 3 and extracted 
with chloroform. The chloroform was dried over neutral calcium chloride, 
filtered, and the chloroform again evaporated under vacuum. The residue 
recovered by this procedure weighed 1.4 mg. 

Physical Properties. Absorption Spectra. The absorption in the ul- 
tra-violet of the substance isolated from oat roots, as described above, was 
then compared with that of scopoletin. Our scopoletin sample, generously 
supplied by Dr. W. A. Andreae of the University of New Brunswick, was 
originally isolated from the roots of Geisemium sempervirens and came 
from Dr. Léo Marion, National Research Council, Canada. The absorption 
eurve of scopoletin (fig. 1) was measured in the spectral range between 
210 mp» and 400 mz at a concentration of 2.5x 10° molar in 95 per cent 
ethanol, using a Beckman spectrophotometer. The measurements were made 
with the narrowest slit widths of the spectrophotometer and correction 
was made for the optical asymmetry of the ‘‘matched’’ quartz cells. 

The substance isolated from oat roots was also prepared in ethanol at a 
concentration of 7.5 micrograms per milliliter. It was immediately obvious 
that the absorption curve was nearly identical with that of scopoletin. 
The assumption was then made that the impurities in the root extract did 
not absorb light at 347 mp» and the two curves were made to coincide at 
that wave length. When this was done, the curves differed by less than two 
per cent in absorption at wave lengths between 325 and 400 mz. The dif- 
ference between the curves increased steadily with decreasing wave-length. 
The extra absorption could be caused by a mixture of contaminating sub- 
‘end-absorption’’—no peaks. If scopoletin is the 


‘ 


stances and shows only 
substance in the root extract responsible for the 347 mp peak, then 52 per 





Explanation of figures 1 and 2 

Fig. 1. Absorption spectra (optical density as ordinate and wave length in milli- 
micra as abscissa) of an alcoholic solution of scopoletin at a concentration of 2.5 x 10° 
molar (continuous curve) and of the root substance (circles). The two curves were 
made to coincide at 347 mu. Fie. 2. Absorption spectra of scopoletin at a concentra- 
tion of 2.5x10° molar (continuous curve) and of the root substance (circles) when 
measured in buffers with a pH of 0.3, 3.45, 7.67, and 10.0, The concentration of the root 
substance was such that the absorption at 347 mu when measured in alcohol was the 
Same as that of 2.5x10* molar scopoletin. 


TOE Oe Ne 


err =? © © wert eof @ 



































258 


BULLETIN OF THE TORREY BOTANICAL CLUB [Vol. 76 


cent of the weight is scopoletin, and the other 4 


5 per cent of the solids 
accounts for one-eighth or |] 


ess of the total absorption at any wave length. 
Qualitatively the two curves are strikingly similar 


with the peaks, val- 
leys and plateaus 


s. The quantitative 
agreement with those of Andreae 


occurring at identical wave length 
measurements on scopoletin are in good 
(1948). 

The absorption Spectra of scopoletin and the root extract in the region 
between 345 and 425 mp (fig. 2) were measured in 1 N HCl (pH 0.3), in 
0.1 M phosphate at PH 3.5 and pH 7.5, and in 0.5 per 
bonate-carbonate (pH 10.0). The 
tion of 2.5 x 10° 


cent sodium bicar- 
scopoletin was measured at a concentra- 
molar. The root substance was me 
tion that gave the same absorption in aleohol 
scopoletin. The curves of both substances obt 
were identical. The agreement 


asured at the concentra- 
at 347 mp as 2.5x 10° molar 
ained at pH 0.3 and pH 3.5 
in the other buffers is not as good, with 
cent. In general, the agreement is sufficiently 
exact to indicate that the absorption of the 


two solutions is due to the 
presence of the same or very closely related substances. 


The relationship between fluorescence 
ion concentration for scopoletin and for 
by the method previously 


deviations as large as 10 per 


Fluorescence. and hydrogen 


the root extract was determined 
reported (Kavanagh & Goodwin 1949)? Sul- 
furie acid solutions of known normality (Michaelis & Granick 1942) were 
used to obtain pH values lower than 2. With a Corning 5970 lamp filter 
and a Corning 3060 + 3389 photocell filter, scopoletin at a concentration of 
0.1 pg./ml. and the root extract at a concentration of 0.192 vg./ml. (a con- 
centration which would show an absorption equal to that of 0.1 pg. /ml. 
seopoletin at 347 my) gave pH -fluorescence curves which 
identical. The potentiometer readings for the 
the limits of experimental error at e 
100 with a 1 we. /ml. quinine sulfate standard. the scopoletin solution had 
a fluorescence of 189 at pH 9.35. The pH-fluorescence curves (fig. 3) ob- 
tained with a Corning 5860 + 738 lamp filter and a Corning 3060 photocell 
filter were also identical. Scopoletin at a concentration of 0.1 pg./ml. gave 
a reading of 148 under these conditions. 

The identity of the two se 


were essentially 
two substances were within 
ach pH. With the fluorimeter set to 


ts of pH-fluorescence curves indicates either 
that scopoletin and the root substance are identical or that the | 
exactly the same fluorescent efficiency as scopoletin and is quenched to 
the same extent by oxygen and by the buffer salts. Furthermore, the two 
substances show the same bright blue fluorescence throughout the pH 
range, and both decompose at the same rate in two buffers (pH 11.0 and 
8.0), when irradiated by the 366 my lines of the mereury lamp. 


1The Klett fluorimeter-colorimeter used in thi 


atter has 


s investigation was purchased with a 
e of the American Academy of 


grant to the senior author from the Rumford Committe 
Arts and Sciences, 
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Fig. 3. The relationship between relative fluorescence and pH for seopoletin (con- 
tinuous line) and for the root substance (circles). Lamp filter, Corning 5860-+ 738; 
photocell filter, Corning 3060. Fic. 4. The distribution of scopoletin within the roots 
of 4-day-old Avena seedlings. 
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A study of the fluorescence of various coumarin derivatives is now in 
progress. Each compound thus far tested has proved to have fluorescent 
properties very distinct from those of scopoletin—even such closely re- 
lated derivatives as umbelliferone, aesculetin, and aesculin. However, we 
have not yet been able to obtain the isomer of scopoletin (6-hydroxy-7- 
methoxy 1:2 benzopyrone) nor fabiatrin, the glucoside of scopoletin. 

The foregoing optical data indicate that the root substance is scopo- 
letin or a very closely related substance. 

Distribution of Scopoletin within the Plant. It has been calculated 
that 0.38 microgram of scopoletin is present in the root-system of a five- 
day-old oat plant grown in the laboratory. This is approximately equiva- 
lent to 0.09 pg. per root. In terms of wet weight, 10.43 pg. of scopoletin 
per gram of root tissue were obtained. The calculation was based on the 
fluorescence of the small measured sample removed from the chloroform 
extract before evaporating to dryness. A pH-fluorescence curve of this 
sample was identical in shape to that of the final preparation, indicating 
purity with respect to the fluorescent material. 

An experiment has been carried out to determine the distribution of 
scopoletin within the root (fig. 4). Roots from one hundred four-day-old 
plants were divided into five sections: (a) the terminal millimeter, com- 
prising the rooteap and meristem; (b) the next two millimeters, including 
the region of cell elongation; and (c-e) the next 15 millimeters, divided 
into three equal sections. Each group of sections was ground up in 0.05 N 
sulfurie acid and the scopoletin was extracted, using essentially the same 
procedure as described above, except that much smaller quantities of 
reagents were used. The chloroform extracts were evaporated to dryness, 
and the fluorescent material was dissolved in water and measured in the 


fluorimeter. Enough material was obtained from the three groups of 5-mm. 


sections (c-e) to run pH-fluorescence curves. Those for the two basal 
groups of sections (d and e) were essentially identical in shape to that 
for pure scopoletin, but the apical 5-mm. group (c) had values somewhat 
too high in the acid range, indicating the presence in the extract of a 
fluorescing impurity. There was so little material in the apical three milli- 
meters of the root (a and b) that the whole extract was used in each case 
for a single reading at pH 9.1. The fluorescence obtained may have been 
due in large part to substances other than scopoletin. The values given 
in figure 4, therefore, are probably fairly accurate for the two basal zones, 
but are almost certainly in excess of the true value for the three apical 
zones. The data show clearly that scopoletin is found predominantly in the 
maturer portions of the root and not in the growing regions. 

A microscopic examination of living oat roots mounted in water was 
made using a dark-field condenser and the 366 my line from a mercury 
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are lamp. The meristematic region (the apical millimeter) was so bril- 
liantly blue-fluorescent that histological detail was obscured. In the root- 


eap cells and epidermal cells adjacent to the meristem, the fluorescence was 
chiefly confined to the larger vacuoles and to smaller cellular structures 
which tay have been vacuoles, plastids or mitochondria. The fluorescence 
of these smaller structures was often much more intense than that of the 
larger vacuoles. The cell walls were faintly bluish-fluorescent, while the 
cytoplasm and nuclei were dark. The fluorescent material can be readily 
extracted from the meristematic region with a number of solvents and 
gives a very distinctive pH-fluorescence curve, entirely different from 
that of secopoletin. This is the material which we have previously charac- 
terized as fraction a (Goodwin & Kavanagh 1948). 

The older portions of the root show a much fainter bluish fluorescence, 
but if sodium carbonate buffer (pH 11) is drawn under the cover slip, a 
marked increase in this fluorescence is observed. Vacuoles of the root 
hairs and epidermal cells become a brighter blue, while the cell walls, 
which were a very faint blue in neutral solution, turn bright green. The 
increase in blue fluorescence of the cell contents under alkaline condi- 
tions is due to the presence of scopoletin. The green-fluorescing substance 
in the cell walls has yet to be identified. 

Discussion. Coumarin and many of its derivatives such as umbellif- 
erone, aesculetin, scopoletin, fraxetin, daphnetin, limettin and other more 
complicated compounds are frequently encountered as constituents of 
plants (see Sethna & Shah 1945). A number of the hydroxy coumarins 
occur as glucosides and, as such, may become important in the sugar 
metabolism of the plant. Aesculin, the glucoside of aesculetin, for example, 
has been found to constitute from four to five per cent of the weight of air- 
dried leaves of the Australian plant Bursaria spinosa (Dick 1943). 

Scopoletin and its glucoside, fabiatrin (scopolin, murrayin), have 
been isolated from a number of species of flowering plants (table 1). The 
Solanaceae are particularly well represented. We believe that this is the 
first time scopoletin has been reported as having been isolated from mono- 
cotyledons, and we suspect that it may have a much wider distribution in 
plants than is indicated in table 1. Its presence is suggested by the shape 
of the pH-fluorescence curves of raw extracts of Hordeum, Triticum, and 
Pisum roots (Goodwin & Kavanagh 1948). 

Scopoletin and its glucoside occur in many types of plant structures— 
leaves, stems, bark, flowers, tubers, and roots; but scopoletin seems to be 
most frequently accumulated in the roots. The histological distribution of 
blue-fluorescing material in the healthy tobacco plant is reported by Best 
(1948). He finds this fluorescence to be markedly brighter in the endo- 
dermis of the root-stock, stem, and leaf veins than in the other tissues of 
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these organs, while the small roots are fluorescent throughout. The blue 
fluorescence which he reports may not all be due to the presence of scopol- 
etin, however. 

In tobacco and potatoes scopoletin is produced in increased amounts 
as a consequence of certain virus infections. In tobacco infected with to- 
mato spotted wilt virus, a blue fluorescence is found first as a halo in the 
mesophyll cells surrounding the lesions. Later the vascular tissue becomes 


fluorescent and still later scopoletin is accumulated in the roots (Best 


TABLE 1. The Occurrence of Scopoletin in Plants 


Family and species 


Gramineae 
Avena sativa L. 
Rosaceae 
Prunus serotina Ehrh. 
Rutaceae 
Chaleas exotica (L.) Millsp. 
(= Murraya erotica L.) 
Loganiaceae 
Gelsemium sempervirens 
Ait. f. 
Convolvulaceae 
Convolvulus scammonia L. 
Ipomoea Purga Hayne 
Solanaceae 
Atropa Belladonna L. 


Fabiana imbricata R. & P. 


Nicotiana Tabacum L. 

Scopolia japonica Max, 

Solanum tuberosum L. 
Compositae 

Artemisia spp. 


Portion of plant 


Roots 
Barka 
Blossoms? 


Roots 


Roots 
Roots 


Whole plant ex- 
tracted 
Leaves and twigs® 


Root, stem, leaf 
Roots@ 
Tubers 


Author 


Goodwin & Kavanagh (this paper) 
Power & Moore (1909) 
Blas (1868) 


Coblentz (1897), Schmidt (1898), 
Moore (1911), Seka & Kallir 
(1931) 


Power & Rogerson (1912) 

Power & Rogerson (1910) 

Kunz (1885) 

Kunz-Krause (1899), Edwards & 
Rogerson (1927) 

Best (1944, 1948) 

Eijkman (1884), Henschke (1888) 

Andreae (1948) 


Sample from Wellcome Research 


Institution 


a Also obtained as the glucoside. 
» Obtained as the glucoside. 


1948). Scopoletin is found in potato tubers infected with leaf roll virus 
(Andreae 1948), the fluorescence occurring in cells adjacent to necrotic 
phloem tissue (Sanford & Grimble 1944). Diseased tubers can be quickly 
selected under ultraviolet light by examining the cut surfaces for fluores- 
cence. The use of this technique in sorting seed potatoes may prove useful 
in reducing the incidence of infection by leaf roll and other types of virus 
(McLean & Kreutzer 1944). 

From a quantitative standpoint it is interesting to note that scopoletin 
has been extracted in the following amounts: from Fabiana imbricata 
twigs, 1.4 mg. per gram of dried twigs (Edwards & Rogerson 1927) ; from 
Gelsemium sempervirens roots, 0.12 mg. per gram wet weight (Seka & 
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Kallir 1931); from diseased potato tubers, circa 0.01 mg. per gram wet 
weight (Andreae 1948) ; from Avena sativa roots, 0.01 mg. per gram wet 
weight. 

Coumarin and its derivatives are among the compounds known as un- 
saturated lactones, which are characterized by the presence of the structure 

O R, R, 
within the molecule. These unsaturated lactones 
—O—C—C——0-—_ 
have been shown to have physiological activity in many different kinds of 
organisms (Veldstra & Havinga 1945). In higher plants and bacteria they 
have been found to inhibit growth, and several of them are antibiotic sub- 
stances. Parasorbie acid, one of the simpler unsaturated lactones, for in- 
stance, inhibits germination of seeds (Kuhn et al. 1943) and cell enlarge- 
ment in the Avena coleoptile (Larsen 1947), while protoanemonin inhibits 
the growth of roots and slows down their metabolism (Goddard 1948). 
Some of the coumarins are still more effective inhibitors. Coumarin, aescule- 
tin, and daphnetin inhibit seed germination (Cameron 1910; Sigmund 
1914; Nutile 1945), while coumarin inhibits elongation (Audus 1948) and 
mitosis (Cornman 1946, 1947) in roots. Experiments now in progress indi- 
cate that scopoletin also inhibits the growth of roots at concentrations as 
low as 10° molar. 

Unsaturated lactones have been shown to react specifically with com- 
pounds containing the sulfhydryl (-SH) radical (Cavallito & Bailey 1944; 
Cavallito & Haskell 1945). Since the presence of the sulfhydryl group has 
been found to be essential to cell proliferation (Hammett & Chapman 
1938), the growth-inhibiting effects of the unsaturated lactones may well 
be due to the inactivation of sulfhydryl-containing enzyme systems. 
Thimann and Bonner (1949) have shown that the inhibiting action of pro- 
toanemonin and coumarin on growth is prevented by the presence of 2, 
3-dimerecaptopropanol, a compound known to protect sulfhydryl groups 
from inactivating substances. The unsaturated lactones are frequently 
found in physiologically significant concentrations within the tissues. 
Whether scopoletin acts as a natural growth regulator is not known, but the 
fact that it is present in mature portions of Avena roots at a concentration 
in excess of 5 x 10° molar, a concentration at least twenty times that found 
in the growing tip (apical three millimeters), is suggestive. 


SUMMARY 


The isolation and identification of one of the blue-fluorescing compounds 
in Avena sativa roots as scopoletin (6-methoxy-7-hydroxy coumarin) is 
reported. This substance is present in mature portions of five-day-old roots 
in concentrations in excess of 10 ppm. From three to 18 millimeters behind 
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the root apex, the amount of scopoletin per millimeter of root was found 
to lie between 0.75 x 10°° and 1.5 x 10° gram. In the apical three millimeters, 
which includes the meristem and the region of cell elongation, the amount 


of scopoletin was too small to measure, but was certainly less than 


0.08 x 10°° gram per millimeter. 

Published studies on the growth-inhibiting properties of coumarin and 
its derivatives are cited with reference to the possible role of scopoletin 
within the plant. In this regard the very low concentration of scopoletin 
in the actively growing portion of the root may be significant. 

In this study, fluorescence has proved to be a very useful tool in locat- 
ing, identifying and determining the amounts of scopoletin which are 
present in the plant. 
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NOTES ON THE CYTOLOGY OF SOME LYCOPSIDS 
Dovetas W. DuNLoP - 
h 

A number of Wisconsin Lycopsids were investigated to determine soma- tl 
tic chromosome numbers and study peculiarities in somatic division. 

Marquette (1907) first described spindle-formation as related to the e 
plastids present in the young leaves of Jsoetes lacustris L. (Isoetes macro- 8 
spora Dur.) The presence of a single ‘‘starch body’’ (plastid) in each cell, , 
the proximity of that ‘‘starch body’’ to the nucleus, its elongation and divi- 
sion before the prophases, the major role the daughter plastids play in 
spindle formation, and the persistence of the daughter ‘‘starch body’’ in 


the daughter cell were illustrated and described; its centrosome-like func- 
tion was pointed out, and the name ‘‘ polar structure’’ was suggested. Mar- 
quette concluded that ‘‘ . . . it might possibly be assumed that in Isoetes 
we have a transition from a cell structure with well defined central bodies, 
as found in some algae and fungi, to a cell structure apparently without 
central bodies or anything corresponding to them as found in the sperma- 
tophytes. ’ 

Ma (1928) studied the chloroplasts of Isoetes melanopoda Gay & Dur. 
with reference to content and function during nuclear division. She found 
that the single plastid present in an embryonie cell lies in close contact with 
the nucleus and divides into two plastids which take polar positions during 
nuclear division. In some cells whose nuclei show no evidence of impending 
division two plastids were sometimes present, and in older cells and those 
exposed to light the plastids were more numerous. 

Ekambaram and Venkatanathan (1933) discuss sporangium develop- 
ment and meiosis in the macro- and microsporangia of Isoetes coromande- 
lina L. They found that in the heterotypic prophases ‘‘ . . . the first visi- 
ble change initiating division in the mother-cells is the appearance in the 
cytoplasm of a body very close to the nucleus. This is clearly made out 
when it forms a deep crescent adjoining the nucleus. It has a clear outline 
and appears to contain some dark staining granules of various sizes and 
other minute grains whose nature could not be made out with the methods 
of staining employed.’’ 

This structure referred to as a ‘‘ polar body’’ divides to form four bodies 
which become arranged tetrahedrally near the periphery of the spore-mother 
cell. The relation of these four bodies to the formation of a tetrapolar spin- 
dle which becomes bipolar, their behavior during the division of nucleus 
and cell, the gradual decrease in size of the ‘‘polar body’’ present in each 
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young spore, and its ultimate disappearance in the fully developed spore 
are described. Similar bodies are met with also in the dividing vegetative 
cells. The chromosome count of J. coromandelina is given as n = 16. 

Yuasa (1935) studying microsporogenesis in Isoetes japonica, finds the 
haploid number to be 33, and concludes that the species is a hexaploid. In 
his summary no mention is made of polar structures or of plastids, nor do 
the illustrations show them. 

Ekstrand: (1920) found the haploid chromosome number in Isoetes 
echinospora to be 11, the diploid 22. During the metaphases the spindle was 
sometimes seen to have two sharp-pointed poles, but centrosome-like bodies 
were not observed. 








Materials and Methods. Root-tips, stem-tips, and strobili of Lycopo- 
dium annotinum L., L. annotinum var. acrifolium Fernald, L. obscurum L., 
L. clavatum L., L. lucidulum Michx., L. inundatum L., L. Selago var. patens 
(Beauv.) Desv., L. complanatum L., Selaginella rupestris (L.) Spring., 
Isoetes macrospora Dur., and I. muricata var. Braunii (Dur.) Reed, were 
collected in one or more of the Wisconsin counties: Vilas, Washburn, Lang- 
lade, and Sauk. 

Material was fixed at the time of collection in Flemming’s medium solu- 
tion or in Randolph’s or Belling’s modification of Navashin’s fixative. A 
cedar—anilin oil series or a terpineol series was used to avoid higher alcohols 
and chloroform. 

Stains used were Heidenhain’s iron-alum haematoxylin, Flemming’s 
triple stain, and Crystal violet—iodine with picric acid as recommended by 
Smith (1934). Plants from which fixations were made were preserved as 
herbarium specimens. 





Isorres. A cell of any tissue in Jsoetes muricata var. Braunii not too 
far differentiated to possess plastids at all, and if not actually dividing or 
preparing to divide, contains in general a single plastid (fig. 1). The de- 
scription that follows applies particularly to cells of the root-tip. 

A plastid is ellipsoidal to irregular in shape, about one-half to one- 
fourth the size of the nucleus, to which it is appressed. In the plane of con- 
tact the nuclear membrane may be flattened. The outer boundary of the 
plastid is membrane-like in appearance, often strikingly definite. 

In preparations treated with iodine it usually can be seen that each 
plastid contains starch grains staining blue or brown; in erystal violet- 
iodine the grains are stained bright blue. The number in a plastid varies 
from two or three to fifteen or twenty. The starch grains are nearly spheri- 
eal, ovoid, or dise-like. In the latter case they appear from oval to circular 
in surface view. They are not laminated ; some possess a dark-staining cen- 
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tral hilum; others have a light-staining hilum and a darker margin. They 

vary greatly in size, the largest being five or six times the volume of the 
smallest. Plastids are present that contain very little starch, and others 
that include no starch. A plastid containing no starch can be distinguished 
only by careful observation and light-adjustment. The tiny starch grains 
when present can be shown to be optically active when between crossed 
polarizing screens. 

The single plastid present in an elongating and maturing cell may 
divide to form two or more daughter plastids (fig. 2). In such a case the 
plastids are commonly grouped about the nucleus; sometimes they appear 
in other parts of the cell. In maturing or mature cells plastids may be ab- 
sent, or at least not detectable. These plastids are evidently similar to those 
first noted in young leaf cells of I. macrospora by Marquette (1907); he 
referred to them as masses of starch grains, each group apparently sur- 
rounded by a membrane. 

Before the beginning of the prophases, the single plastid present in a 
meristematic cell elongates and finally divides; both ellipsoidal daughter 
halves then migrate until the two lie at opposite sides of the nucleus in 
contact with or close to the nuclear membrane (fig. 3). As the nuclear mem- 
brane disappears the plastids separate slightly and spindle fibers are seen 
to meet them along nearly half their proximal surfaces. The broad poles 
of the spindle are particularly evident during the equatorial plate stage 
(fig. 4) and the metaphases. When the plastids contain no visible starch 
they appear as vacuole-like structures at the poles of the spindle. However 
in some instances they may still be demonstrated because of their optically 
active contents. 

During the late anaphases the Shape of the chromosome group may be 
affected by the presence of the plastid; and the telophase daughter nucleus, 
in immediate contact with the plastid, is sometimes almost crescent-shaped 
(fig. 6). Nuclear division is followed by the formation of the cell plate 
which brings about the division of the cell (fig. 6). This history is similar 
to that reported by Marquette for the leaf cells of J. macrospora. 

The nucleus of a resting meristematic cell occupies a central position 
and characteristically possesses one or two nucleoli which are left translu- 
cent by the crystal violet—iodine stain. Without exception, in all prepara- 
tions made from variously fixed material, stained either with crystal violet- 
iodine or with the triple stain, a clear space is present about each nucleolus 
(figs. 1, 2). 

In contact with the nucleolus, if a single one is present, two, three, or 
four highly chromatic bodies can be seen (fig. 9). They stand out sharply 
on the surface of the faintly stained nucleolus because of their chromatic 
nature. When two such bodies are present, they are spherical, slightly elon- 
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Isoetes muricata var. Braunii; cells in root-tip meristem. Fig. 1, Nueleus in very 
early prophase; single starch-containing plastid. Fic. 2. Nucleus in early prophase; 
two daughter plastids. Fie. 3. Late prophase; daughter plastids at opposite sides of 
nucleus. Fic. 4. Equatorial plate; plastids at spindle poles. Fie. 5. Plastids in con- 
tact with anaphase chromosome groups. Fie. 6. Plastids in contact with telophase 
nuclei. Fias. 7, 8. Equatorial plates; showing 24 and 25 chromosomes. Fic. 9, a—e. 


Satellites in contact with nucleolus. f. Chromosome with satellite. g. Nucleolus with 
satellite chromosome. 
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Fic. 10. Equatorial plate of ZL. clavatum var. showing 60 chromosomes. Fa. 11. 
Equatorial plate of L. obscurum showing 50 chromosomes. Fic. 12. Equatorial plate of 
L. annotinum showing 50 chromosomes. Fie. 13. Equatorial plate of L. complanatum 
var. elongatum ; 40 chromosomes. FIG. 14, a, c. Equatorial plates on L. complanatum var. 
elongatum showing plastids at the spindle poles. b. Plastids in contact with anaphase 
chromosome groups of L. complanatum var. elongatum. Fig. 15. Exceptionally large 
figure in Selaginella rupestris showing plastids at spindle poles. Fie. 16. Plastids con- 
taining red-staining granules in tapetal cells of S. rupestris. Fic. 17. Chloroplasts 
containing red-staining granules in leaf cell of S. rupestris. 
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gated, or dumbbell-shaped; when four bodies are present each is smaller 
than in the case of two; they may lie in pairs or separated by variable dis- 
tances. The different degrees of separation observed suggest that the four 
bodies result from the division of the two sometimes seen. When two nucle- 
oli are present each bears on its surface one or two chromatic bodies (fig. 2). 
These bodies, as the later history shows, are the satellites borne on at least 
one pair of chromosomes. When the nucleus enters the prophases and the 
chromosomes become clearly recognizable, two chromosomes visibly con- 
nected with the satellites by means of delicate fibers have been observed. 
Each satellite chromosome is attached to one undivided satellite (fig. 9), 
or to an already divided one which appears as two. Certain identification of 
one satellite chromosome (fig. 9) was made in two separate equatorial 
plates; in most plates, however, their identification is prevented by the 
length and curvature of the chromosomes. 

After the completion of nuclear division, as the daughter nuclei grow 
and become nearly spherical, a nucleolus appears, and, in contact with it, 
the two satellites; or if two nucleoli are present, one satellite is in contact 
with each. 


Chromosome counts made in cross sections of root tips of J. mwricata var. 
Braunii show the diploid number to be 24-26 (figs. 7, 8). The chromosomes 


vary in length, most of them being long, and on some the position of the 
centromere to which the spindle fiber is attached is recognizable. There is 
some tendency for similar chromosomes to lie near together in the equa- 
torial plate, but the appearance is confused by their length and curvature. 

In J. macrospora the structure and behavior of the plastids are essen- 
tially as in J. muricata var. Braunit. Here, however, the poles of the spindle 
are not broad, but sharply defined points, each of which occupies a slight 
hollow in the surface of the corresponding plastid. This condition was noted 
in cells of young leaves, and in meristematic stem tissue. Roots of J. macro- 
spora have not been examined. This species has approximately twice as 
many chromosomes as J. muricata var. Braunii; the material available has 
not made a count possible. 


SELAGINELLA. In the tapetal cells in the micro- and macrosporangia of 
Selaginella rupestris (fig. 16), in other cells of the sporangium, frequently 
in embryonie and elongating stem cells, and in leaf and ligule primordia, 
leucoplasts are present which differ from the chloroplasts in cells of the 
stem and leaves in size and in staining reaction. Each cell contains one or 
two, occasionally three or four leucoplasts. These bodies are from spherical 
to ellipsoidal in shape and usually smaller than the nucleus, about 5 to 6 p 
in diameter; they usually lie in contact with or close to the nucleus, but 
sometimes appear in other parts of the cell. A leucoplast has a distinet 
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outer margin, suggesting the presence of a limiting membrane. Within the 
leucoplast, when stained with the triple stain, are seen from 2 or 3 to 15 or 
20 small red granules. The granules vary somewhat in shape, usually being 
spherical or ellipsoidal, sometimes more elongated. All are of approximately 
the same size, about 1 » in diameter; they do not turn blue in the presence 
of iodine and are optically inactive. 

Ma (1930) has deseribed the chloroplasts of Selaginella with special 
reference to those in the leaf cells of S. apoda . 
plastid is found in most cells. 


. “‘in which a single 
. . By the time the leaves have reached a 
length of 0.2 mm., spindle-shaped red-staining bodies are clearly recogniz- 
able in the plastids . . . as the plastids enlarge with the increase in size 
of the cells, the bodies, which stain red with the triple stain, also increase 
in size.’’ Ma noted blue-staining starch grains also in the same plastids, the 
starch grains being of the same shape and size as the red-staining bodies. 
In some plastids, bodies were present whose staining reaction was inter- 
mediate between that of the red bodies and the starch grains. The red bodies 
gave a positive protein reaction with Millon’s reagent, since it appeared 
that these red-staining bodies in the plastids of S. apoda may be trans- 
formed into starch grains, it was suggested that they are similar in nature 
and function to the pyrenoid bodies of Anthoceros and Notothylas (McA\l- 
lister 1926): 

The chloroplasts of Selaginella rupestris (fig. 17), most easily studied in 
the leaves, are ellipsoidal. Each contains from one to five or six spherical 
red-staining bodies similar 1 those in the leucoplasts. None of my prepara- 
tions show anything in either chloroplast or leucoplast that would suggest 
a transition from the red-staining bodies to blue-staining starch grains. 
Each of the many chloroplasts in a leaf cell (fig. 17) is about 3 in width 
and 6» in length. The red granules vary in size from about 0.5 to ly, 
whereas starch grains present in the plastids vary from about 0.5 to 3.54 
in diameter. From the staining reactions of the isotropic granules in the 
chloroplasts it seems evident they are not starch; it is possible that they are 
proteinaceous in nature. 

Division figures were noted in cells of S. rupestris in which one plastid 
occupied each pole of the spindle (fig. 15), but these figures were too few in 
number to justify a statement on the behavior of the plastid during divi- 
sion. The diploid chromosome count is more than 12. 




























Lycopoprum. In young sporangia of Lycopodium complanatum var. 
elongatum in which premeiotie nuclear divisions are occurring, sporogenous 
cells not dividing or preparing to divide contain, as a rule, a single leuco- 
plast. The plastid is elongated, appressed to the nucleus, and contains vari- 
able numbers of starch grains. The grains, which turn blue in the presence 
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of iodine and stain bright blue with crystal violet—iodine, are similar in 
shape to those described in Isoetes muricata var. Braunii, and number com- 
monly from 2 or 3 to 10 or 15 in each plastid. Some plastids contain very 
little starch; in some starch is entirely absent. The latter plastids appear 
like vacuoles. The plastid in a cell whose nucleus is in the very early pro- 
phases is elongated; somewhat later it divides to form daughter plastids 
the starch content of each of which is approximately half that of the origi- 
nal plastid. The two daughter plastids come to lie on opposite sides of the 
nucleus and in close contact with the nuclear membrane. Some cells have 
been seen which contained more than two plastids, two of which lie at oppo- 
site sides of the nucleus, the others lie near the plasma membrane. 

At the equatorial-plate stage, at which time the typical broad poles of 
the spindle can best be seen (fig. 14, a, c), in preparations stained with 
erystal violet—iodine, starch grains are usually visible at each pole of the 
spindle ; careful observation shows that they lie within a plastid apparently 
bounded by a membrane. During the metaphases, anaphases (fig. 14 b), and 
telophases likewise, a starch-containing plastid can usually be seen at each 
broad pole of the spindle. If starch is absent, the plastid at each pole ap- 
pears much like a vacuole. Thus it is evident that, as in the embryonic 
root-tip cells of Isoetes muricata var. Braunii and in embryonic leaf and 
stem cells of J. macrospora, the single plastid present in a sporogenous cell 
of Lycopodium complanatum var. elongatum divides to form two daughter 
plastids which function in the formation of the spindle and which oceupy 
the spindle poles during nuclear division, persisting during the telophases 
and in the daughter cells. 

Chromosome counts made in root tips showed the diploid number to be 
40 (fig. 13). The chromosomes of this species as seen in the equatorial plate 
are all rather short. 

Premeiotic nuclear divisions in sporogenous tissue of L. obscurum show 
in some cases a plastid at each spindle pole. This condition was noted in a 
few equatorial-plate figures and in a few anaphases. In all these cases 
starch grains were present in each plastid. However, in the material studied 
so little starch was present that plastid identification was often uncertain. 

Chromosome counts were made from cross sections of rhizome tips and 
from sporangia. The diploid chromosome number is about 50 (fig. 11). The 
chromosomes vary greatly in length, some being short but the majority 
rather long. The length of the chromosomes is not so evident in polar views 
as in lateral views of equatorial plates. In the latter, the long arms of some 
of the chromosomes reach almost to one or the other spindle pole. 

In root tips of L. annotinum, each embryonic or elongating cell possesses 
from one to 8 or 10 plastids. A plastid is ellipsoidal to spherical in shape 
and contains in addition to starch grains from 2 or 3 to 15 or 20 granules 
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which vary little in size. These granules are similar to those present in 
Selaginella rupestris; like those, they take a red color in the triple stain. 
The plastids usually lie appressed to the nucleus, and if sufficiently numer- 
ous they may completely surround the nucleus. Staining reactions supply 
no evidence that the red-staining granules change to starch. The starch 
grains are present in the same plastids with the red-staining granules, are 
from 4 to 6 times their diameter, and are blue with the triple stain. Whether 
or not the red granules are in any way related to starch formation is un- 
certain. 

In preparations stained with iron-alum haematoxylin the plastids are 
clearly visible and the included starch grains are from gray to black. No 
structures appear that correspond to the red-staining granules, so conspicu- 
ous with the triple stain. In haematoxylin-stained preparations the mem- 
brane-like outer boundary of the plastid is readily recognizable, the starch 
grains lying in close contact with it. 

The chromosomes of this species vary from 3 to 5 in length; their cur- 
vature and crowding make counting difficult. The diploid number is about 
50 (fig. 12). 

In root-tip preparations of L. clavatum stained with iron-alum haema- 
toxylin, plastids, one or two in each cell, appear similar to those of L. anno- 
tinum. They are in contact with the nuclear membrane and contain from 
gray to black starch grains similar to those of L. annotinum. In equatorial- 
plate, metaphase, anaphase, and telophase stages, the starch grains are 
visible at spindle poles, and often it is evident that the grains lie within a 
plastid. Here, then, as in L. complanatum var. elongatum, it appears that 
the plastids function in the formation of the achromatic figure and that 
they oceupy the poles of the spindle during nuclear division. 

The diploid chromosome count is about 60 (fig. 10). Counting is made 
difficult, as in L. annotinum, by the curvature and crowding of the chromo- 
somes. 

The chromosome numbers of L. inundatum and L. lucidulum, studied 
in the root-tips, seem to be approximately the same as L. clavatum. Simi- 
larities to L. clavatum appears also in the sizes and shapes of the chromo- 
somes. Mitotic figures were too crowded for a satisfactory count of the 
chromosomes. In root-tip cells of L. inundatum and L. lucidulum, starech- 
containing plastids were observed apparently similar to those of L. com- 
planatum var. elongatum and L. obscurum. 


Conclusion. If a single plastid present in any embryonic cell divides to 
form two daughter plastids which function in the formation of an achro- 
matic figure, occupy the spindle poles during nuclear division, and persist 
in the daughter-cells, the entire sequence of events may be spoken of as 
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plastid-polarity. Somatic and meiotic plastid-polarity are convenient terms 
to designate in which type of tissue-this polarity is exhibited. 

Similar somatic plastid-polarity has been shown to exist in Isoetes 
macrospora (Marquette 1907), I. melanopoda (Ma 1930), I. coromandelina 
(Ekambaram 1933), and J. muricata var. Braunii (herein reported). 
Meiotie plastid-polarity is shown to be present in J. coromandelina (Ekam- 
baram 1933). The function of plastids in spindle-formation and their 
presence at the poles of the spindle during nuclear division in these four 
species suggest the possibility of their occurrence and like function in 
other species of Isoetes. 

In Selaginella rupestris a few figures were seen in which a plastid was 
present at each pole of the spindle. 


TABLE 1. Chromosome Numbers in the Lycopsida 


Species Number reported Author 
n 2n 
Isoetes coromandelina 16 Ekambaram & 
Venkatanathan 1933 

I. echinospora ll Ekstrand 1920 
I. asiatica 22 Takamine 1921 
I. japonica 43-45 Takamine 1921 
I. japonica 33 Yuasa 1935 
I. muricata var. Braunii 24-26 Dunlop 
Selanginella Vogelii 16 Heitz 1925 
S. Ouvrardii 20-22 Heitz 1925 
S. Martensii 52-57 Heitz 1925 
S. grandis 16-17 Heitz 1925 
S. emiliana 8 Denke 1902 
S. serpens 8 Denke 1902 
S. rupestris 12 + Dunlop 
Lycopodium clavatum 14 Baranov 1925 
L. clavatum var. : ca. 60 Dunlop 
L. complanatum var. elongatum 40 Dunlop 
L. annotinum ca. 50 Dunlop 
L. obscurum ea. 50 Dunlop 


Somatic plastid-polarity has been described above in the premeiotie nu- 
clear divisions of Lycopodium complanatum var. elongatum; the condition 
is similar to that in Isoetes. In L. obscurum premeiotic figures were seen 
that strongly suggest polarity. In embryonic root cells of L. annotinum, 
starch-containing plastids were seen at the spindle poles in division figures. 

The occurrence of somatic plastid-polarity in both Isoetes and Lyco- 
podium, and perhaps also in Selaginella is significant. 

Starch-containing plastids were observed in all species studied. Plas- 
tids containing granules colored red in the triple stain were seen only in 
Selaginella rupestris and Lycopodium clavatum. The nature of the red- 
staining granules is not clear. Similar granules present in Selaginella 
apoda were thought by Ma (1930) to have a pyrenoid-like function. 
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Chromosome size within the Lycopsida (in those species studied) varies 
from the extremely small and short chromosomes of Selaginella rupestris, 
1,» or less in length, to the large, long chromosomes of Isoetes muricata 
var. Braunii which may be 0.5-1 4 in thickness and 7 or 8» long. Chro- 
mosomes of Lycopodium complanatum var. elongatum are about 0.5 in 
thickness and 1-3, long. Those of the other species of Lycopodium 
studied are intermediate in length between those of L. complanatum var. 
elongatum and Isoetes muricata var. Braunii, and are from 1 to 1.5, in 
thickness. Satellite chromosomes were seen in preparations of [soetes 
muricata var. Braunii, but not in the other species studied. 


SUMMARY 


In Isoetes muricata var. Braunii plastids function in the formation of 
the achromatic figure and occupy the spindle poles during nuclear divisions 
in the meristem of the root tip. 

Isoetes muricata var. Braunii possesses at least one pair of satellite 
chromosomes. 

Red-staining granules of uncertain function are present in chloroplasts 
and leucoplasts of Selaginella rupestris. Similar bodies were observed in 
leucoplasts in root cells of Lycopodium annotinum. 


Plastid behavior during premeiotic nuclear division in Lycopodium 
complanatum var. elongatum is similar to that during nuclear division in 
Tsoetes muricata var. Braunii. In Lycopodium obscurum and L. clavatum 
evidence of plastid behavior like that in Isoetes muricata var. Brauniw is 
strong. 


Chromosome size and number in some Wisconsin species of the Lycop- 
sida have been determined. 

The author is indebted to Dr. Charles E. Allen for his constructive 
criticism. 


DEPARTMENT OF BoTANy, UNIVERSITY OF WISCONSIN EXTENSION 
MILWAUKEE, WISCONSIN 
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POSTGLACIAL FORESTS IN WEST CENTRAL 
ALBERTA, CANADA' 


Henry P. HANSEN 


Peat sections were obtained from four bogs along the Edmonton-Jasper 
highway in west central Alberta. These bogs lie at distances of about 30, 55, 
85, and 125 miles west of Edmonton. More specifically they are located about 
4 miles north of Duffield, 4 miles east of Entwhistle, near the town of McKay, 
and about 5 miles west of Edson, respectively. Hereafter they will be re- 
ferred to as the Duffield, Entwhistle, McKay, and Edson sections or bogs. 
All sites lie within the westernmost border of the Keewatin drift. Although 
the Cordilleran glaciers descended the east slope of the Rocky Mountains in 
this latitude, the relationships between the two ice sheets and the borders 
of their drifts are uncertain. It is evident, however, that the Keewatin ice 
Was more extensive in this region, because the Cordilleran glaciers were 
probably limited by the relatively low precipitation on the east slope of the 
mountains. One stage of the Cordilleran glaciers descended the eastern flanks 
of the Rockies to points 50 miles east of the mountains in the vicinity of 
Calgary, and still farther east in the latitude of Edmonton (Flint 1947). 
During one or more stages the Cordilleran and Keewatin ice may have 
coalesced, but there is no evidence that their fronts were joined during the 
Late Wisconsin (Mankato) stage in west central Alberta. It seems probable 
that the last glacier in the region was of Keewatin origin. Keewatin boulders 
have been noted as far west as Edson, although no end moraines have been 
observed in this area (Erdtman & Lewis 1931). The eastern border of the 
Altamont moraine, which is dated as terminal Late Wisconsin, lies about 75 
miles east of Edmonton (Bretz 1943). It is considered to be equivalent to the 
Mankato maximum of the Minnesota-lowa region. West of the Altamont 
moraine in the general latitude of Edmonton are older Keewatin moraines. 
The westernmost and oldest of these is the Duffield moraine, whose eastern 
border lies about 25 miles west of Edmonton. Although the Duffield moraine 
is older than the Altamont, its topography is much more youthful than the 
Early Wisconsin (Iowan) drift in Montana (Bretz 1943). In a previous 
paper (Hansen 1949) it was suggested that the Duffield was equivalent to 
the Tazewell or Cary of the eastern ice, although geologists have not recog- 


1 The author is grateful to the American Philosophical Society for a grant from 
the Penrose Fund to defray the expenses of the field work, to the John Simon Guggen- 
heim Foundation for a fellowship during 1947-48, to the General Research Council of 
Oregon State College for a grant for laboratory assistance, and to Dr. John Merkle, 
Texas A. and M. College, for assistance in the field work. 
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nized an intermediate Wisconsin stage for the western ice (Antevs 1945). 
Lying between the Duffield and the Altamont moraines are the Buffalo Lake 
and Viking moraines which are younger than the former but older than the 
latter (Bretz 1943). If the uppermost drift for 200 miles west of the Alta- 
mont is of Keewatin origin, but older than the Altamont, there must have 
been an ice-free area which may have been forested during the Late Wis- 
consin glaciation. The possibility that bogs lying between Edmonton and the 
westernmost border of the Keewatin ice on the east flank of the Rockies are 
pre-Late- Wisconsin is supported by the fact that the Keewatin ice retreated 
downslope so that the meltwater was ponded against the ice and drained 
laterally. This may have eliminated a long period of physiographic instabil- 
ity which would have hindered the formation of permanent basins in which 
hydrarch succession took place. There is greater possibility that meltwater 
from the Cordilleran glacier, flowing eastward, may have destroyed or buried 
sites of pre-Late Wisconsin bogs, or on the other hand prevented hydrarch 
succession and the deposition of pollen-bearing sediments during the Late 
Wisconsin stage near the mountains. The pollen record in peat sections west 
of the Altamont moraine, however, suggests that forests did exist in this 
ice-free area at least during the latter part of the Late Wisconsin. 


Characteristics of the Bogs. All the bogs are in the mature stage with 
climax forest trees on their surfaces. Sphagnum moss and Labrador tea 
(Ledum groenlandicum) and other species of ericaceous plants cover the 
bogs, with local areas of sedges and other hydrophytie species. Trees on the 
muskegs include black spruce (Picea mariana), tamarack (Larix laricina), 
and lodgepole pine (Pinus contorta), the latter being absent on the Duffield 
bog. Bog birch (B. glandulosa) is very common, and in some areas is more 
abundant than Labrador tea. Other muskegs in the area were noted that 
supported dense forests of large black spruce and some white spruce (Picea 
glauca), suggesting that hydrarch succession had been terminated for some 
time, perhaps owing to the age of the bog or the shallowness of the depres- 
sion. The depth of the bogs in the area of sampling is as follows: the Duffield, 
3 m.; the Entwhistle, 6.5 m.; the McKay, 1 m.; and the Edson, 7.0 m. In 
the Duffield and Edson sections, almost a meter of clay at the bottom was 
devoid of pollen. In the Entwhistle section, voleanic glass was identified at 
3 and 3.2 m. and at 0.6 m. In the Edson section, glass was noted from 4.2 to 
4.6 m. and at the surface. The source of the ash is not certain, but some of 
it may have come from Glacier Peak in north central Washington, while some 
may have been derived from the west, possibly the Coast Range of British 
Columbia. It seems probable that the glass near the surface came from the 
eruption of Mt. Katmai in Alaska in 1912. This is supported by the oceur- 
rence of voleanic glass in the upper levels of peat sections from many bogs 
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along the Alaska highway in northeastern British Columbia. It is possible 
that the glass at the 3 m. level in the Entwhistle section is synchronous with 
the 4.4 m. horizon in the Edson column, as suggested by their respective 
trends of forest succession. 

The relative depths of the bogs provide no criteria with respect to their 
relative ages. If the area in which the bogs are located was not influenced by 
the Cordilleran ice of the Late Wisconsin glaciation, then it could be as- 
sumed that the westernmost was the oldest. On the other hand, if the Cordil- 
leran ice sueceeded the Keewatin, particularly in the western portion, the 
Edson bog might be considered the youngest. This possibility is supported by 
its formation in a river valley which carries water from the mountains to the 
west. During melting of the Cordilleran ice, the valley probably carried con- 
siderable more water than it does at present, thus preventing hydrarch 
succession until the stream had subsided. The relative stratigraphic position 
of the voleanic glass and the pollen profiles suggests that the Edson section 
is younger than the other thick section near Entwhistle. 

In preparation of the peat for pollen analysis, the potassium hydrate 
method was used. Pollen is abundant except in the inorganic, clay sediments 
underlying the organic peat, which suggests absence of forests in the region 
when these accumulated. From 100 to 200 pollen grains of forest trees were 


identified at each level. An attempt was made to separate lodgepole from 
jack pine and white spruce from black spruce by their pollen size ranges. 
In interpreting the pollen profiles, however, it was found to be infeasible to 
use the species separately, because of the many sharp fluctuations from level 
to level, which could not be ascribed to any logical cause. 


Forests of the Region. In the general vicinity of Edmonton occurs the 
meeting place of three climax vegetation formations of North America. 
These are the boreal forest, the Cordilleran forest, and the grasslands (Lewis 
et al. 1928). Lying between the grasslands and the boreal forest to the north 
and the Cordilleran forest to the west is a transition zone known as the 
Parkland because of the scattered groves of trees, consisting largely of aspen 
(Populus tremuloides) in the southern part, and aspen, white spruce, white 
birch, and balsam poplar (P. tacamahacca) in the northern part. Moss 
(1932) divides the Parkland into a northern Poplar area and retains the 
name Parkland for only the southern third. He also divides the grassland 
into a northern and southern prairie. The occurrence of black and brown 
soils in the Poplar area and Parkland as well as podsolized prairie soils in 
the southern fringe of the boreal forests suggests greater extension of grass- 
land in the past, perhaps during the warm, dry maximum between 8,000 and 
4,000 years ago (Hansen 1947, 1949). 

The arborescent species of the boreal forest are black and white spruce, 
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balsam fir (Abies balsamea), jack pine (Pinus banksiana), tamarack, aspen, 
balsam poplar, and white birch. White spruce and its varieties are the most 
abundant, widespread, and permanent, and in the absence of fire and cutting 
they become the climax dominants except in the northern part of their range 
where black spruce and tamarack invade higher ground and act like climax 
dominants, and in certain local areas. Balsam fir also may be considered a 
climax species, although it is not so abundant as white spruce, and probably 
does not range west of north central Alberta (Halliday & Brown 1943). Jack 
pine is subclimax on burns and assumes a climax role on sandy areas in the 
white spruce forest. Lodgepole pine replaces jack pine in the boreal forest in 
western Alberta, British Columbia, and the Yukon. Their ranges overlap 
within 20 miles west and northwest of Edmonton and throughout the Peace 
River and Lesser Slave Lake regions.*? Unlike jack pine, lodgepole often 
invades mature bogs with black spruce, tamarack, and white birch. Aspen, 
poplar, and white birch form a fire subclimax associes throughout the boreal 
forest of Alberta and British Columbia, with either jack pine or lodgepole 
pine, depending upon the location and soil. 

The Cordilleran forest is included in the Petran subalpine and Petran 
montane forests (Weaver & Clements 1938), which extend along the crest 
and the upper slopes of the Rockies. It extends eastward from the mountains, 
forming a narrowing wedge reaching almost to the center of the province of 
Alberta. The arborescent species of the Cordilleran forest in Alberta include 
subalpine fir (Abies lasiocarpa), which replaces balsam fir of the boreal 
forest, Engelmann spruce (Picea engelmanni), lodgepole pine, and aspen. 
Whitebark pine (Pinus albicaulis), limber pine (P. flexilis), and Douglas fir 
(Pseudotsuga taxifolia) oceur in the southern part of the Cordilleran forest 
in the mountains. White spruce ranges throughout the Cordilleran forest 
southward into Montana (Munns 1938), while both tamarack and black 
spruce are common on muskegs in the more northern part. Aspen, poplar, 
and white birch also occur abundantly in the Cordilleran forest, where aspen 
is the most abundant because of its invasion of burns. At present, however, 
the predominant forest species in the Cordilleran forest of Alberta is prob- 
ably lodgepole, which occupies burns and other edaphically disturbed areas, 
either initially or with aspen. Lodgepole also becomes progressively more 
abundant westward toward the Rockies. 

The easternmost bog of this study is located in the western part of the 
Poplar area, while the other three lie within the Cordilleran forest. Lodge- 
pole is not common in the vicinity of the easternmost bog, but it becomes 
progressively more abundant westward. Grassland openings are common. 


Postglacial Forest Succession. The pollen profiles indicate that pine 
and spruce have been the principal species in the region throughout the time 





2 Information from Professor E. H. Moss, University of Alberta. 
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represented by the sedimentary columns (figs. 1, 2, 3, 4). At most levels, they 
constitute more than 90 per cent of the total tree pollen. It is unfortunate 
that aspen pollen is so poorly preserved, because this species undoubtedly 
played an important part in postglacial forest succession, as is suggested by 
its present proportions in the Cordilleran and boreal forests. Its invasion of 
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Fie. 1. Pollen diagram of the Duffield bog. Fic. 2. Pollen diagram of the Entwhistle 
bog. 


white spruce of lodgepole burns suggests that its postglacial record in con- 
junction with that of spruce and pine would reflect periodic pyric influence 
more than climatic trends. The interpretation of the pollen profiles largely 
upon the basis of competition between pine and spruce may not present a 
true picture of the relative influence of climate and fire on adjacent forest 
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successions. Practically all of the pine pollen was identified as lodgepole, and 
interpretation of the profiles is based upon this species. Both black and white 
spruce pollen was separated in significant proportions, but their individual 
profiles apparently do not present a true picture of their relative importance 
in upland forest and bog succession. Black spruce pollen should logically 
increase in proportion in the upper levels of the peat sections because of its 
invasion of the mature bog, but there is no consistent pattern of relative 
proportions of black and white spruce in this respect. Incompetency of the 
size range method in separating these two species may be responsible for this 
anomaly. In general, however, white spruce pollen is more abundant than 
that of black spruce throughout the sedimentary columns, suggesting that 
the presence of white spruce in adjacent upland forests had a greater influ- 
ence upon the relative amounts of the two species of pollen in the peat. 

Interpretation of the pollen profiles must be based largely upon pine and 
spruce fluctuations, although some fir pollen is present and its profiles pro- 
vide a definite trend. Fluctuations of spruce and pine have been largely 
opposite to each other throughout, indicating their reciprocal successional 
relationships, perhaps in response to fire and edaphic disturbances, or on 
mature bogs (figs. 1, 2, 3, 4). The many sharp, opposite fluctuations from 
level to level fail to present a trend denoting that some consistent, regional 
influence was at play. Also, the lack of correlative over-all trends in the 
four sections does not provide either regional patterns or a progression of 
some influence in an east-west axis that might have been caused by increase 
in elevation westward or the relative influences of the Keewatin ice advanc- 
ing from the east and the Cordilleran glacier moving outward on the east 
slope of the Rockies. 

In the Duffield section, spruce has been largely predominant throughout, 
with pine gaining a slight advantage near the top, which may reflect the 
influence of fire since the advent of white man (fig. 1). 

In the Entwhistle section, which is the deepest, spruce is predominantly 
recorded at the bottom with 74 per cent, which is its maximum of all profiles 
(fig. 2). Throughout the section, however, pine and spruce fluctuate con- 
versely to each other, which may be attributed to local periodic fires, disease, 
or variables inherent in the method of pollen analysis. The only suggestive 
trend is the maximum of pine attained at 3 m., the same level at which 
voleanic glass occurs, which may represent the influence of the climatic 
maximum between 8,000 and 4,000 years ago. A decline of pine above this 
level may reflect an increase in moisture, while a sharp increase of pine at 
the top may record the effects of burning augmented by white man. 

In only the McKay section is lodgepole predominantly recorded at the 
bottom in significant proportions (fig. 3). It remains predominant through- 
out, which may reflect the influence of large adjacent sandy are: 3 on which 
lodgepole forms dense, pure stands. 
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The Edson section, which is alomst as thick as the Entwhistle column, 
perhaps shows more definite trends than the others. Pine and spruce are 
about equal at the bottom, but spruce increases and pine declines in the next 
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Fig. 3. Pollen diagram of the McKay bog. P, Pinus contorta; Ab, Abies; Pi, Picea; 
Ps, Pseudotsuga taxifolia, PO, aspen. Fia@. 4. Pollen diagram of the Edson bog, showing 
voleanic glass layer through grass maximum. 


few levels (fig. 4). They reverse their trends with pine rapidly expanding to 
69 per cent and spruce diminishing to 23 per cent at 4.4 m., at which horizon 
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voleanie glass was noted. If this is chronologically correlated with the 3 m. 
level in the Entwhistle sections where glass also occurs, this increment in 
pine may reflect a decrease in moisture. A third sharp reversal of trends 
reveals a decline of pine to 24 per cent at 3.4 m., its lowest point of the profile, 
and an increase in spruce to 73 per cent, its highest proportion. From these 
horizons, pine gradually expands and spruce reciprocally declines toward 
the top, where they are recorded as 64 and 32 per cent respectively, again 
perhaps representing the influence of fire and the general over-all more 
favorable conditions for lodgepole pine at higher elevations toward the 
Rocky Mountains. If the Edson and Entwhistle sections are chronologically 
correlated by their respective voleanic glass levels at 4.4 and 3.0 m. respec- 
tively, either the Edson column is younger than the other or the rate of peat 
deposition has been considerably slower in the former, as the ratio of thick- 
ness below the glass is almost 1:2. It has been suggested that the Edson 
section is younger than those farther east, perhaps because of its proximity 
to the Cordilleran glacier and the resultant physiographic instability during 
glacial retreat, accentuated by the site of the Edson bog in a valley. On the 
other hand, it implies a more rapid rate of peat deposition above the glass 
horizon in the Edson bog, which might be attributable to moister climate 
nearer the mountains. 

The profiles of fir, representing largely subalpine fir, show a consistent 
trend which may be of some climatic significance (figs. 1, 2, 3, 4). In the 
Edson and Entwhistle sections, fir is best represented near the bottom, and 
attains its maxima a few levels higher. From these maxima, fir declines in 
both sections to proportions less than 10 per cent at the top. As the present 
range of subalpine fir indicates that it likes a cold climate, its greatest 
representation near the bottom suggests a cooler climate at that time than 
now exists. Its higher proportions in the Entwhistle section throughout, how- 
ever, is inconsistent with the present range of fir. It becomes more abundant 
westward at higher elevations in the Rockies and one would logically expect 
it to be better represented in the Edson section, which is nearer the moun- 
tains. The higher proportions of fir in the lower horizons of the Entwhistle 
section suggest that the Edson section is younger. Fir may have existed in 
greater abundance farther east in ice-free areas during the Late Wisconsin, 
before the more western Edson bog had initiated pollen-bearing sedimenta- 
tion. By this time, conditions had become more favorable for spruce, with 
which fir could not compete. 

The occurrence of ice-free areas west of the Altamont border during the 
Late Wisconsin, as indicated by forest composition, is further supported by 
the pollen profiles of several bogs east and south of Edmonton. In six of 
Seven sections, pine is predominant when pollen-bearing deposition began 
(Hansen 1949). These bogs lie east of the lodgepole pine range and most of 
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the pine pollen in the lower levels was identified as jack pine. This record is 
quite different from that in the Great Lakes region and eastern North 
America, where spruce is consistently recorded as the predominant, pioneer, 
postglacial invader of deglaciated moraine, with the exception of north- 
western Wisconsin, where jack pine was apparently co-abundant with spruce 
on sandy soils (Wilson 1938). These spruce forests with some fir, were re- 
placed by pine as the climate became warmer and drier. This anomaly might 
be explained by one or more of the following causes and conditions. First, 
the pollen record does not include the earliest post-Altamont forests which 
may have consisted largely of spruce and fir, owing to a more rigorous cli- 
mate. Second, spruce forests may have existed in adjacent ice-free areas 
before and during the Altamont stage, but conditions favored pine expansion 
so that it was still predominant when the earliest pollen-bearing sediments 
were deposited. Third, if the pollen profiles are entirely post-Altamont, the 
edaphic conditions may have been more favorable for pine than spruce 
beeause of physiographic instability resulting from the nearby glacier. 
Fourth, the early post-Altamont climate may have been milder and drier 
here than in the Great Lakes region and farther east. Fifth, strong prevail- 
ing westerly winds may have carried pine pollen from the Cordilleran forest, 
where conditions for pine expansion and persistence had been favorable 
longer. 

In this study, however, a somewhat different analogy must be employed, 
beeause most of the pine pollen apparently is that of lodgepole pine. In 
the Pacific Northwest, pollen analysis of many peat sections reveals that 
lodgepole was consistently the predominant, pioneer, postglacial invader of 
deglaciated terrain (Hansen 1947). While the ecologic requirements of 
lodgepole and jack pine seem to be somewhat similar, their relationships to 
the climax species in their respective areas seem to be slightly different. Both 
thrive as a result of fire and edaphic disturbance, but lodgepole seems to have 
a greater ecologic amplitude and is better able to replace the climax domi- 
nants. Its range also suggests that it can stand a more rigorous environment 
than jack pine, while its invasion of mature bogs suggests it has a wider 
range of soil tolerance. Because of these characteristics, lodgepole is not so 
good a climatic indicator as jack pine with respect to their respective climax 
dominants. In the Pacific Northwest, it seems probable that early postglacial 
physiographic and edaphic instability was favorable for lodgepole in the 
absence of competition by Douglas fir and western hemlock (Tsuga hetero- 
phylla). In western Alberta, however, the postglacial co-abundance of pine 
and spruce, the latter a climax dominant, may represent edaphic and pyrie 
influence more than climatic. Both the sandy or gravelly soil and frequent 
fires have been favorable for the persistence of lodgepole in abundance. It 
should be mentioned, however, that with species of wide geographic range, 
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ecologic races with different ecologic amplitudes may well exist. The abun- 
dance of lodgepole pine in west central Alberta peat sections may not mean 
the same as its early postglacial predominance in the Puget Sound region. 
Its predominance on sterile pumice mantles in the Oregon Cascades would 
seem to be more nearly analogous to its co-abundance with spruce in west 
central Alberta. 

The abundance of lodgepole pine when the earliest pollen-bearing sedi- 
ments were deposited tends to support Hultén’s theory that arctic and boreal 
floras had their greatest spread from centra in Beringia south and east into 
North America largely by the time of the Yarmouth interglacial (Hultén 
1937). They survived the Illinoian and Wisconsin glacial stages in ice-free 
areas either at the perimeter of the glacier or possibly within the glaciated 
region. As the glaciers receded, the plants invaded deglaciated terrain 
from these refugia. Lodgepole pine is considered to be one of a group of 
continental western American radiants that had migrated south of the 40 
parallel and had re-established itself northward by the time of the Late 
Wisconsin. During this last glacial stage it may have survived in the ice-free 
corridor between the Cordilleran and Keewatin glaciers. That it also sur- 
vived in abundance immediately south of the Late Wisconsin ice border in 
the Puget Sound region and eastern Washington is well evidenced by its 
preponderant pollen representation at the bottom of many peat sections 
from these areas (Hansen 1947). Subalpine fir is also classified as a con- 
tinental western radiant species and its appreciable proportions in the 
lower levels of all sections further supports its pre-Late-Wisconsin persist- 
ence on the east slope of the Rockies in west central Alberta. Neither of these 
species has spread very far east, and their interglacial and postglacial mi- 
grations have apparently been north-and-south and confined largely to the 
Rockies and the Coast Ranges. Raup (1947) would include Picea glauca and 
P. mariana with Hultén’s continental western American radiants, but it 
seems probable that they found refuge south of the ice largely east of the 
Rockies and spread both east and west during pre-Late-Wisconsin inter- 
glacial stages. During at least the latter part of the Late Wisconsin glacia- 
tion, lodgepole and spruce occupied the ice-free area on the east slope of the 
Rockies in west central Alberta, and fire and edaphic disturbance occurred 
at sufficiently close intervals to favor the persistence of a high proportion of 
lodgepole in the forest complex. 

Other conifers represented sporadically and sparsely in the peat sections 
include Douglas fir and tamarack. The latter is poorly represented consider- 
ing its abundance on the bog surface. Douglas fir pollen probably drifted 
considerable distances, largely from the Rockies, where it occurs as far north 
as Jasper. It is most consistently reeorded in the Edson section, which is to 
be expected because of its proximity to the mountains (fig. 4). Populus is 
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also sporadically recorded, but in insufficient proportions to be of any inter- Er 
pretive significance except that the pollen of this species is poorly preserved Fl 
in peat. Fairly high proportions of Populus pollen were noted in a few bogs H: 
about Edmonton (Hansen 1949). Pollen identified as that of poplar occurs ‘ 

in all but the Edson bog, and this is also consistent with the composition of Hi 
adjacent forests, as lodgepole becomes more abundant farther west at the 

expense of aspen. In the Edson section, the author was surprised to note - 
grass, chenopod, and composite pollen in many levels, with grass the most 

common (fig. 4). It may be merely coincidental, but the voleanie glass which Li 
has been tentatively assigned to Glacier Peak which apparently erupted near 

the time of the postglacial climatic maximum as indicated by many pollen pro- - 
files in Washington, occurs at the same levels as the grass maximum. As the 

climatic maximum in eastern Washington is portrayed by a sharp influx of NV 
these drouth indicators, it may be possible that the influence of this warm, 

dry interval was felt in west central Alberta. A significant maximum of this B 
group of xeric indicators also occurs in the peat sections east and south of - 


Edmonton, which further supports this evidence. 


SUMMARY 





Pollen analysis of four peat sections from bogs lying between Edmonton 
and the Rockies in west central Alberta, reveal that lodgepole pine and 
spruce have been the predominant forest tree species in adjacent areas 
during the time represented by the sedimentary columns. Since these bogs 
lie west of the border of the Altamont (Late Wisconsin) moraine and on 
older Keewatin drift, but probably east of the Late Wisconsin Cordilleran 
ice border, it is possible that they record pre-Late-Wisconsin forests, that 
had persisted in an ice-free corridor during this glacial stage. This is con- 
sistent with Hultén’s theory that continental western American radiants 
from a Beringia center had migrated southward before the Wisconsin gla- 
ciations and persisted ice-free areas close to or within the ice front during 
at least the Late Wisconsin stage. The postglacial warm, dry interval, evi- 
denced from so many sources, may be slightly recorded by an influx of grasses 
with some chenopods and composites in the vicinity of the Edson bog, 125 
miles west of Edmonton. 
DEPARTMENT OF BOTANY, OREGON STATE COLLEGE 

CORVALLIS, OREGON 
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NOTE ON THE SECTION MICROPHYLLAE OF AGROSTIS 
ALAN A. BEETLE 


At the time of the original description of the section Microphyllae Beetle 
of Agrostis (Bull. Torrey Club 72: 541-549. 1945) all known species with 
awned glumes were treated. It was found that two other characters, a bent, 
exserted awn and absence of the palea, were correlated with the awning of 
the glumes. Since 1945 two new species have been described which would fall 
into the section Microphyllae of Agrostis with the exception that both have 
well developed paleae. 

Agrostis aristiglumis Swallen (Leaf. West. Bot. 5: 56. 1947), which falls 
well within the geographic range of the four species originally listed, is 
unquestionably a member of the section, and requires the emending of the 
original concept of the section to include both the presence and absence of a 
palea. 

Deyeuxia parsana Bor (Kew Bull. 1948: 42. 1948) also described with 
awned glumes—‘ab omnibus speciebus adhue descriptis glumis aristatis 
facile distinguitur’’—undoubtedly belongs in the same section. It is a 
perennial described from ‘‘ Persia. Shah Zadeh Kuh, 3100 m., coll. Dr. A. 
Parsa Typus in Herb. Kew.’’ and extends the range of the section into the 


Old World for the first time. Like Agrostis aristiglumis Swallen this species 
has an exserted awn of the lemma and a well developed palea. In order to 
place it properly in a section of Agrostis the following transfer is made: 
Agrostis parsana (Bor) Beetle, comb. nov. 
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NEW SPECIES OF CYPERACEAE FROM BRITISH 
GUIANA AND SURINAM 


CHARLES L. GILLy 


From among the specimens of northern South American Cyperaceae 
examined during the past year,’ the following three species merit recogni- 
tion. 

TRIBE HYPOLYTREAE 


Hypolytrum sandwithii Gilly, sp. nov. Herba perennis, caespitosa ? ; 
eaulis brevis lignosus; folia lineari-elliptica glabra (concolora?), 5-6 dm. 
longa and 2.3 em. lata, margine minute serrulata, basi in petiolum cana- 
liculatum attenuato, ad apicem longe acuminata, acumine ad 1 dm. longo; 
eulmi floriferi solitarii in axilibus foliorum, subtriangulares glabri vel 
minute pulverulentes et supra ad angulos minute serrulati, cum inflore- 
scentia 2-3 dm. alti; inflorescentia subcorymbosa, spiculae glabrae in 
glomerulis dispositae ; glomeruli 0.8—1.2 em. diam., solitarii ad apices ramu- 
lorum ad 2 em. longorum, glomerulo ultimo sessili; bracteae inferiores 
inflorescentiam subtendentes foliis consimiles, ad 2.5 dm. longae; bracteae 
superiores glomerulos subtendentes lanceolatae acuminatae ad 1.5 em. 
longae ; flores in spiculis bisexualibus monoecis; spiculae bracteolis hyalino- 
brunneis lanceolatis vel oblongo-lanceolatis acutis vel obtusis ad 2.5 mm. 
longis subtentae ; glumae hyalino-brunneae glabrae; glumae vacuae exteri- 
ores 2, subcarinatae lan eolatae vel elliptico-lanceolatae , 3-3.5 mm. longae ; 
glumae flores masculos subtendentes planae lineari-lanceolatae vel anguste 
lanceolatae, ad 2.5 mm. longae; flores masculi 4-6 monandri in parte 
spiculae inferiori, perianthio nullo, antheris ad 1 mm. longis, filamentis 
persistentibus; flores feminei in parte spiculae superiori et media, perian- 
thio nullo; achaenium subteres vel subtereti-lenticulare subulato-conicum, 
ad 1 mm. latum et cum rostro spongioso glabro et persistens 4—5 mm. 
longum ; corpus achaenii stramineo-olivaceum, cum rostro minute et dense 
purpureo-maculatum; stylus bifidus, stigmata gracilia atro-brunnea. 
BritisH GUIANA: Potaro River, Kaieteur Falls: by stream in high forest, 
descending from savanna to falls, ‘‘growing with spp. of Rapateaceae . . - 
only this specimen collected; no others seen with inflorescence,’’ altitude 
ca. 400 m., September 5, 1937, N. Y. Sandwith 1379 (K—rypz; NY—draw- 
ing and fragment ; ISC—photograph and fragment). 


1 Specimens reported upon in this paper may be found in the herbarium of the 
Royal Botanic Gardens, Kew, England (K) or in the herbarium of the New York 
Botanical Garden (NY), and duplicates or photographs and accompanying fragments 
are in the herbarium of Iowa State College (ISC); isotypes of the two members of the 
Cryptangieae presumably have been distributed to still other herbaria. I wish to ex- 
press my thanks to the curators of these herbaria for permission to examine the speci- 
mens, and to offer particular thanks to Mr. N, Y. Sandwith for his courtesy in referring 
the specimen of Hypolytum to me for study and for his patience in awaiting deter- 
mination. 
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In the structure of the achene beak, this species apparently is related v 
to H. strictum Kunth (see Clarke 1909, pl. 103, f. 18), and in the type and : 
arrangement of leaves it is very similar to H. Jenmani C. B. Clarke; how- ‘ 
ever, H. sandwithii differs markedly from both of these species in the de- | 
tails of inflorescence, spikelets and achenes. The long-acuminate leaf apices f 
are distinctive in the genus. It is of interest to note that H. sandwithi I 
greatly resembles some of the species of the related genus Bisboeckelera : 
Kuntze, particularly B. irrigua (Nees) Kuntze of northwestern Brazil 
and B. longifolia (Rudge) Kuntze of Surinam and French Guiana.’ | 


TRIBE CRYPTANGIEAE 


Cephalocarpus maguirei Gilly, sp. nov. Caulis multiramosus ad 
1.5 dm. altus, foliis persistentibus tectus; folia linearia acuta bicarinata 
glabra margine costaque albo-pilosulis et carinis uncinato-papillosis ex- 
ceptis, ad 5 em. longa et 2 mm. lata; culmi floriferi solitarii in axilibus foli- 
orum, 4.5-6 em. alti; bracteae inflorescentiam subtendents ciliatae and 
8 mm. longae; spiculae masculae 3.5-4 mm. longae, glumis vacius 3-5 
lanceolatis acutis vel mucronulatis glabris, glumis staminiferis 2-3 lanceo- 
latis acutis glabris; antherae deciduae ignotae; spiculae femineae 3.5— 
4 mm. longae. glumis 5-8 ovatis vel lanceolato-ovatis mucronatis glabris; 
achaenia subteretia glabra atrobrunnea ad 1.5 mm. longa et 1 mm. diam., 
rostro 0.5-0.7 mm. longo luteo glabro deciduo, apiculo 0.1—0.2 mm. longo; 
squamellae hypogynae minute orbiculares, ciliis paucis longitudine partem 
tertiam corporis achaenii aequantes. BririsH GuIANA: Kaieteur savannas, 
‘‘forming tussocks ... rare... .’’ May 14, 1944, B. Maguire and D. B. 
Fanshawe 23453 (NY—TYPE). 


A member of the subgenus Neocephalocarpus by virtue of the solitary 
flowering culm in each leaf axil. Characters of the achene and the decidu- 
ous beak, however, have been observed previously only in the subgenus 
Eucephalocarpus; an eventual realignment of the intrageneri subdivisions 
of Cephalocarpus (Gilly 1942) may be in order. This specimen has been 
previously recorded (Svenson 1948) in the literature as ‘‘Cephalocarpus 
aff. rigidus Gilly.’’ 


Everardia surinamensis Gilly, sp. nov. Caulis gracilis, ad 8 em. altus, 
vaginis persistentibus brunneis fimbriatis tecta; folia plana glabra margine 
costaque albo-pilosulis exceptis vel subtus sparse pilosula, ad 3.5 dm. longa 
et ad basim 1 em. lata; culmi floriferi minute pubescentes laxe adscendentes 





2 Although superficially resembling and first placed in the Cariceae, Bisboeckelera 
has been assigned by various authors to the Cryptangieae, the Sclerieae or to the 
Bisboeckelerieae. Its affinities, however, are with Hypolytrum, Mapania, and related 
genera of the Tribe Hypolytreae; the utriole (‘‘false perigynium’’ of some authors) 
of Bisboeckelera apparently has been developed through embryonic coalescence, or 
failure of embryonic separation, of sterile glumes such as occur between the staminate 
flowers and the pistillate flower in Lepironia, Mapania, and Thoracostachyum. The re- 
lationships in this complex will be considered in detail at a later date. The genus Bis- 
boeckelera has been discussed at length by both Standley (1914) and Pfeiffer (1937). 
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vel erecti, cum inflorescentia ad 4 dm. alti; vagina ad basim 3 em. longa; 
vaginae floriferae brunneae minute pubescentiae laminas subaequantes ; 
spiculae masculae numerosae 3-4 mm. longae, glumis vacuis 3-6 ovatis 
vel ovato-lanceolatis acutis vel mucronatis glabris, glumis staminiferis 3-5 
lanceolatis vel oblongo-lanceolatis acutis vel mucronulatis glabris; spiculae 
femineae 2.8-3.2 mm. longae, glumis 5-6 ovatis vel ovato-triangularibus 
mucronatis; achaenia brunnea anguste ellipsoidea, ad apicem sparse et 
minute pubescentia, cum rostro 2.5-2.8 mm. longa, 0.5 mm. diam.; rostro 
eonico pubescenti, quam corpore achaenii dimidio brevioribus; squamellae 
hypogynae minutae suborbiculares, ciliis paucis quam corpore achaenii 
brevioribus. SurrmnamM: Tafelberg (Table Mountain) : wet places in dense 
low makka swamp, near Savanna no. IV, altitude 520 m., August 15, 1944, 
B. Maguire 24382 (NY—rTyYPeE); moist mossy rocks, base of wall, West 
Escarpment, altitude 485 m., September 10, 1944, B. Maguire 24679 (NY). 


Vegetatively similar to E. montana Ridley (see Gilly 1940) from Mount 
Roraima and Ptari-tepui in Venezuela, as previously indicated by Svenson 
(1948), but differing greatly from that species in structure and pubescence 
of the achene as well as in minor vegetative characteristics. 

It is also of interest to note that a staminate specimen of the genus 
Didymiandrum | British GUIANA: savannas on the Kaieteur plateau, May 
5, 1944, B. Maguire & D. B. Fanshawe 23230 (NY) |—appears to be more 
nearly referable to D. guaiquinimae Schnee (Schnee 1943) than to D. stel- 


latum (Boéckl.) Gilly, as recently reported by Svenson (1948). D. guaiquini- 
mae, originally described from pistillate plants collected on Cerro Guai- 
quinima in southeastern Venezuelia, has been collected more recently by 
Steyermark on Ptari-tepui, another cerro in the same area. 


DEPARTMENT OF Botany, Iowa StTaTE COLLEGE, 
Ames, lowa. 
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NOWAKOWSKIELLA CRASSA SP. NOV., CLADOCHYTRIUM 
AUREUM SP. NOV., AND OTHER POLYCENTRIC 
CHYTRIDS FROM MARYLAND’ 


JOHN S. KARLING 


In the course of a survey of the soil fungi of Maryland a number of poly- 
centric chytrids were isolated on cellulosic, chitinic, and keratinic substrata, 
and among these were two new species of the family Cladochytriaceae. Both 
of these chytrids were isolated from a mixture of soil and water and grown 
on floating bits of onion scale. It was found later, however, that they may 
grow to some extent on dead human skin also, but not on chitin. The first of 
these species is characterized by an usually large and coarse rhizomycelium 
without pseudosepta or trabeculae, nonseptate intercalary swellings, and oper- 
culate sporangia, and belongs in the genus Nowakowskiella. It differs fun- 
damentally from the other species of this genus by its exceptionally large 
thallus, and for this reason it is diagnosed as a new species and named N. 
crassa. The second species is distinguished by a very delicate rhizomycelium, 
septate intercalary enlargements, and inopereulate sporangia. Accordingly, 
it belongs in the genus Cladochytrium, and is strikingly similar to C. tenue 
in most respects. However, it differs from this species by its larger zoospores 
and the presence of a highly refringent golden-orange to red globule in the 
latter. In this respect its zoospores resemble those of C. replicatum, but 
otherwise the two species appear to be different and distinct. The Maryland 
species is, therefore, interpreted as a new species for which the name C. 
aureum is proposed. 


Nowakowskiella crassa Karling, sp. nov. Fungus saprophyticus. Rhi- 
zomycelio hyalino, profuso, ramoso, partibus tenuibus 6-18, diam., incre- 
mentis pluribus non septatis, subsphaericis, 14-21p, ovalibus, 12—18 x 16— 
22, fusiformibus, 14-16 x 25-28, aut irregularibus. Sporangiis terminali- 
bus aut intercalaribus, hyalinis, levibus, sphaericis, 15—40y, ovalibus, 
18-30 x 22-38, fusiformibus, clavatis, aut irregularibus; operculo 10—15py 
diam. Zoosporis sphaericis, 4.5-5~ diam. unico globulo refringenti, 0.8-1.2¢ 
diam ; flagello 24-26, longo. Sporis perdurantibus hyalinis, levibus, sphae- 
ricis, 12-23, ovalibus, 18-20 x 22-24u; germinatione ignota. 

Saprophytie in dead and disintegrating vegetable debris, small brook 
on route 506 near Prince Frederick, Calvert County, Maryland. 


1 This work was begun at the Chesapeake Biological Laboratory, Solomons, Md., 
where the writer was guest investigator during the spring and early summer of 1948. 
The author is deeply indebted to the Department of Education and Research, State of 
Maryland, and particularly to the Director of the Laboratory, Dr. R. V. Truitt, for pro- 
viding research facilities and funds. 
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Figs. 1-15. Nowakowskiella crassa. Fie. 1, Portion of vegetative rhizomycelium 
showing variations in size and shape of interealary swellings and habit of branching, 
x 800. Fie. 2. Dehiscence of sporangium, x 800. Fic. 3. Zoospores in motile phase, 
x 1450. Fig. 4. Creeping, amoeboid zoospores, x 1450. Fies. 5-10. Successive maturation 
stages in fully-formed and variously-shaped sporangia, x 800. Fic. 11. Early develop- 
mental stage of interealary resting spore, x 800. Figs. 12-15. Variations in size and 


shape of resting spores, x 800. 
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As shown in figure 1, the outstanding characteristic of this species is its 
coarse rhizomycelium which usually surpasses in diameter and extent of 
growth that of N. profusa (Karling 1941, 1944), the species of Nowakowski- 
ella that it resembles most closely. The thallus of these two species may be 
fairly similar in size, but they are readily distinguishable by the lack or rare 
presence of well-defined intercalary swellings in N. profusa and their abun- 
dance in N. crassa. The tenuous portions of the rhizomycelium and inter- 
calary enlargements of the latter species may be up to 18 and 25, in di- 
ameter respectively, and in this respect it resembles the coarser species of 
Septochytrium also (Berdan 1942; Karling 1942; Johanson 1943). How- 
ever, its rhizomycelium lacks the pseudo-septa or trabeculae which are re- 
ported to be characteristic of Septochytrium. As it grows away from the 
substratum into the surrounding water, the rhizomycelium may frequently 
turn and coil, and form an intricate, dense mass of twisted filaments as in 
S. macrosporum (Karling 1945). 

The so-called spindle organs or intercalary swellings are very abundant 
and vary markedly in size and shape. They are predominately oval, ellip- 
soidal and broadly spindle-shaped, but frequently they may be almost 
spherical or quite irregular, particularly when they occur at the junction 
of several branches (figs. 1A, 1B, 1C). So far they have never been found 
to be septate nor delimited from the remainder of the rhizomycelium by 
septa except when they give rise to sporangia or resting spores. In the young 
and rapidly growing portions of the thalli they usually contain a large num- 
ber of refractive granules which are aggregated in the center (figs. 1D, 1E, 
1F, 1G), but in the older parts they become progressively more vacuolate 
(figs. 1H, 11, 1J) and often appear to be empty. 

As in other species of Nowakowskiella, the rhizoids are very abundant in 
N. crassa. They may arise from the tenuous filaments (fig. 1) as well as from 
the interealary swellings and sporangia which have originated from inter- 
ealary enlargements. For a species with such a coarse and large rhizomy- 
celium, the majority of the sporangia are comparatively small, although 
large ones may occur occasionally. They are predominately subspherical 
(figs. 2,10) and pyriform (fig. 7), but fusiform, obclavate, elongate (fig. 5), 
and irregular ones occur fairly often. The exit papilla is usually broad and 
prominent with a relatively large hyaline zone underneath (figs. 5-9). Occa- 
sionally two papillae may be found on large irregular sporangia, but as a 
rule they occur singly. The operculum is pushed up and to one side as the 
zoospores emerge (fig. 2) and remains attached for several hours after 
dehiscence. 

The zoospores of this species are comparatively small, and as in N. 
profusa and N. delica (Whiffen 1943) their hyaline refractive globule is 
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Fias. 16, 17. Polychytrium aggregatum (%). Fie. 16. Portion of a thallus on chitin 
showing the abundance, size, shape, content and color of the resting spores, x 800. Fie. 
17. Enlarged portion of the thallus showing thickening of the walls of the interealary 


enlargements, x 1100. 
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quite small (figs. 3-4). The discharge of the zoospores, their initial behavior 


after emerging (figs. 3, 4), and method of swimming are fundamentally d 
similar to those of other species of Nowakowskiella. As the zoospores come to a 
rest the nuclear cap is usually clearly visible and stands out rather sharply I 
as a lunate body (figs. 3, 4). I 

The resting spores of N. crassa may be interealary or terminal, although . 
the majority observed to date were intercalary. They usually develop from 4 
the intercalary enlargements (figs. 11-15) and are comparatively small and 


predominantly oval or ellipsoidal in shape (figs. 11, 12, 15) with coarsely 
but evenly granular content, and a smooth hyaline wall. Thus, in structure 
and general appearance they are similar to those of N. profusa, with the ex- 
ception of their hyaline color. 

Except for the specific structural and morphological characteristics noted 
above, N. crassa is fundamentally like other species of this genus. Germina- 
tion of the zoospores, development of the thallus, formation and maturation 
of the sporangia (figs. 5-10), and the development of the resting spores are 
essentially the same and need not be described in detail. 


Cladochytrium aureum Karling, sp. nov. Fungus saprophyticus. Rhi- 
zomycelio exili et angusto, partibus tenuibus 1.2—3.5p diam., amplificationi- 
bus intercalaribus septatis, ovalibus, 6-8 x 9-12,, fusiformibus, 5—8 x 10— 
17, aut irregularibus. Sporangiis terminalibus aut intercalaribus, ovalibus, 
aut citriformibus, 8-19 x 10-23», aut subsphaericis, 8-36. Zoosporis sphae- 
ricis, 5.8-6.2n, uno globulo luteo-rufo refractivo conspicuco, 2—2.4» diam. ; 
flagello 27-29» longo. Sporis perdurantibus levibus, sphaericis, 9-17, aut 
ovalibus, 8-12 x 11—16y, aut fusiformibus; germinatione ignota. 

Saprophytic in dead and disintegrating vegetable debris in soil and 
water, route 234, Charles County, Maryland. 

As noted earlier this species is almost identical to C. tenue except for its 
larger zoospores and the presence of a brilliant golden-orange or red body 
in them. Except for these differences the drawings of C. tenwe (Karling 
1945, figs. 31-45) serve very well as illustrations for this species also, and for 
this reason the author does not believe additional illustrations are essential 
to an adequate description of C. aureum. Its delicate rhizomycelium, sep- 
tate, bicellular to multicellular spindle organs, and zoospores are also very 
similar to those of C. replicatum (Karling 1931), but so far no sporangia 
with exit tubes or spiny spores like those of C. replicatum have been found 
in the Maryland species. In color and size it also resembles to some degree 
the doubtful and incompletely known C. polystomum which Zopf (1884) 
illustrated but did not describe. However, in this species the sporangia bear 
several long exit tubes, which apparently are lacking in C. awreum. The 
other fully known species of Cladochytrium, C. crassum (Hillegas 1941) 
and C. hyalinum (Berdan 1941) are hyaline, markedly larger, and quite 
distinct from the present species. 
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Additional Polycentric Chytrids. In addition to the two new species 
described above several other polycentric chytrids were isolated from water 
and soil containing animal and vegetable debris from various parts of Mary- 
land. These include Catenomyces persicinus (Hanson 1945), Wicomico 
River, route 234, Charles County and route 236, St. Mary’s County; Cla- 
dochytrium replicatum, route 505, Calvert County, Centerville, Queen 
Anne’s County, Monoecacy River at Route 40, Frederick County and Fish 
Hatchery on Severn Run, Anne Arundel County, and route 234, Charles 
County ; C. hyalinum, Old Spout Farm, Calvert County, Centerville, Queen 
Anne’s County, and Savage River, Garrett County; C. tenwe, route 504, 
Calvert County and route 234, Charles County; Nowakowskiella profusa, 
Monocacy River at route 40, Frederick County, route 234, Charles County, 
and Savage River, Garrett County; N. macrospora, route 234, Charles 
County and route 505, Calvert County ; N. elegans, route 300 between Slud- 
erville and Church Hill, Queen Anne’s County, Stonsifer’s farm, Frederick 
County, route 509, Calvert County, Fish Hatchery on Severn Run, Anne 
Arundel County, and route 234, Charles County; N. hemisphaerospora 
(Shanor 1942) Fish Hatchery on Severn Run, Anne Arundel County, route 
234, Charles County, Monoecacy River at Miller’s Bridge, Frederick County, 
routes 509 and 505, Calvert County, and route 300, Queen Anne’s County ; 
N. granulata, route 504, Calvert County; Septochytrium variabile, route 
503 to Drum point Beach, Calvert County ; Myceliochytrium fulgens (Johan- 
son 1945), Monoeacy River at Miller’s Bridge and Keesville, Frederick 
County, Wicomico River and route 234, Charles County, and route 300 near 
Sluderville, Queen Anne’s County ; Polychytrium aggregatum on routes 503 
and 504, Calvert County. 

In relation to P. aggregatum it may be noted that thick-walled, brown 
cysts or resting spores were found in one culture which was isolated on 
chitin from wet soil collected besides route 504 near Dowell, Calvert County. 
Inasmuch as resting spores have never been found in Polychytrium, this 
discovery is significant in extending our knowledge of the life cycle of this 
genus. However, only resting spores, and no sporangia or zoospores were 
formed in this culture. Conversely, other typical cultures of P. aggregatum 
formed only sporangia and zoospores. Therefore, it is not certain whether 
the Dowell culture relates to P. aggregatum or to a new species of this genus. 
Nevertheless, as shown in figure 16, its thallus is strikingly similar to that of 
P. aggregatum in appearance, development, organization, and structure. 

The resting spores begin as hyaline, relatively thin-walled, enlargements 
or lateral outgrowths of the rhizomycelium in which the dense, finely gran- 
ular protoplasm accumulates. As they increase in size they are delimited 
from the remainder of the thallus by cross septa and gradually become thick- 
walled and brown in color. It is not certain, however, that this color is a 
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specific characteristic because the whole rhizomycelium may take on the 
color of the surrounding water and turn brown with age. The intercalarly 
enlargements and tenuous portions of the rhizomycelium may also become 
thick-walled, as shown in figure 17. The mature resting spores vary markedly 
in size and shape, as shown in figure 16. They may be almost spherical (fig. 
17A), oval, 10-24 x 14-30, (fig. 164A), oblong, 12-16 x 22-34y, elongate, 9- 
12 x 22-38, (fig. 16B), truncate (fig. 16C), angular (fig. 16D), deeply lobed 
(fig. 16E), or very irregular. Although several empty spores have been 
found, it is not yet known whether they give rise directly to zoospores or 
function as prosporangia in germination. 

No evidence of sexuality has been observed in relation to their formation 
and development, and in this respect Polychytriwm appears to be very sim- 
ilar to the other genera of the Cladochytriaceae. However, it is not yet 
certain that it belongs in this family. The fact that no evidence of sexuality 
has been found does not preclude the possibility that the thallus on which 
the resting spores are formed may have arisen from a zygote, or that the 
resting spores may give rise to gametes in germination as in Catenaria 
(Couch 1945) and other members of the Blastocladiales. Therefore, until 
these details of its life cycle are known the taxonomic position of Poly- 
chytrium will remain doubtful. 


SUMMARY 


In a survey of the soil fungi of Maryland two new polycentric chytrids 
were collected and isolated on cellulosic substrata. The first of these species is 
characterized primarily by an unusually large coarse rhizomycelium which 
lacks pseudo-septa or trabeculae, and by operculate sporangia. Accordingly, 
it belongs in the genus Nowakowskiella and is described as a new species, 
N. crassa. The second species belongs in Cladochytrium and is distinguished 
by a very delicate rhizomycelium, bi- to multiseptate spindle organs, in- 
operculate sporangia and large zoospores which contain a brilliant, golden- 
orange or red refractive body. It is very similar to C. tenue except for its 
pigmentation and larger zoospores, and because of these characteristic dif- 
ferences it is diagnosed as a new species and named C. aureum. 

In addition to these species several other saprophytic polycentric chytrids 
were isolated from soil and water in various parts of Maryland. These in- 
clude: Cladochytrium tenue, C. replicatum, C. hyalinum, Nowakowskiella 
elegans, N. profusa, N. macrospora, N. hemisphaerospora, N. granulata, 
Septochytrium variabile, Catenomyces persicinus, Myceliochytrium fulgens, 
and Polychytrium aggregatum. Resting spores were discovered for the first 
time in Polychytrium. 
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Vernacular Names for Roccella. An Etymological Note. During the 
editing of an article by William F. Leggett on ‘‘Lichens as Dye Plants”’ 
for the Journal of the New York Botanical Garden, where it appeared in 
May 1949, my attention was drawn so many times to the various desig- 
nations for the dye-yielding lichens and to their origin, spelling, and 
even pronunciation (for who can edit a paper without forming the sound 
of the words in his mind?), that I began to investigate the vernacular 
names used in different languages for Roccella. This, the generic name for 
the principal dye lichen, R. tinctoria, also is one of the names for the 
plant in Italian, and a word which in turn provided the surname for a 
famous Florentine family whose wealth was based on its monopoly in the 
13th century of the lichen dye industry. 

Roccella tinctoria was apparently known as a source of red and purple 
dye in the Holy Land many hundred years before the time of Christ. Its 
use in the eastern Mediterranean was the subject of comment by the early 
naturalists. In the Middle Ages it became known in Italy; later the lichen 
was discovered in the Canaries and on the west coast of Africa. It is only 
in fairly recent years that it has been completely supplanted by chemically 
made dyes—except for the manufacture of litmus paper, for which it still 
























is used. 

In English this lichen, and also the dye that it gives, are both generally 
called ‘‘orchil’’ or ‘‘archil.”’ 

The origin of the word orchil seems to be a matter of conjecture and 
dispute, even among such authorities as the ‘‘Oxford’’! and ‘‘ Webster.’ 
The spelling and pronunciation of the word are also far from stable. In 
Webster, archil is given as the preferred form, with orchil, orchal, and 
orchilla as variants, all with a k sound except under the separate entry for 
orchil, where the English ch sound is given as second choice. 

In the Oxford, on the other hand, the principal entry is orchil, given 
only with the ch sound, but with a cross-reference to archil, called a cor- 
ruption of orchil, and pronounced with either a ch or a k sound (the k 
second choice). The date on which both words first occurred in the Eng- 
lish language is given as 1483, orchil being used by Shakespeare for the 
dye in Act I of ‘‘Richard I1’’; archil referring essentially to the plant in 
**Richard ITI.’’ 





1 The Oxford English Dictionary. 1933. 


2 Webster’s New International Dictionary of the English Language. Second edi- 
tion, unabridged, 1935. 
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One wonders whether these distinctions, made in a day when the lan- 
guage was in its incipient stages, were actual or unintentional. Orchil for 
the plant was first recorded in 1758 in the Philosophical Transactions of 
the Royal Society of London. Orchilla or orchella (with ch sound), mean- 
ing the same things, did not appear until 1772, according to the Oxford. 

It seems curious that a word which was in use in Shakespeare’s day 
should be designated ‘‘origin uncertain’’ in the Oxford and other compre- 
hensive dictionaries. 

The Webster unabridged dictionary seems to go far afield when it 
states, under archil, ‘‘Perhaps from Latin herba urceolaris, a plant used 
for polishing glass pitchers.’’ But herba urceolaris is given in Riddell’s 
Latin-English lexicon as ‘“‘pellitory-of-the-wall’’ (Parietaria officinalis) 
of the nettle family (not the common pellitory, which is a small composite 
resembling chamomile). So far, no reference has been found to suggest 
that either the flowering plant Parietaria or any lichen in the world has 
ever been used for polishing. 

The botanical name of Roccella is more closely allied to orchil and to 
the modern French form orseille,? which is commonly used among dyers 
in this country today, than at first seems evident. It is a custom of lan- 
guage occasionally to invert an R and a vowel. (It occurred in English in 
the word ‘‘ran,’’ which was originally ‘‘arn.’’) In the Italian vernacular, 
according to Pietro Antonio Micheli, the great 18th century mycologist, 
in his ‘‘Nova Plantarum Generum’’ (1729), the lichen used for dyeing 
was called roccella, orcella, or raspa,* and the dye itself was known as 
oricella. The ch sound of the Italian c when followed by an e as in these 
words, gives good ground for the Oxford preference for the soft ch in 
orchil, orchilla, and orchella—and also gives a logical source for the Eng- 
lish name of the plant, however varied it may be. This is a type of word 
which would enter a language through the speech of workers, rather than 
through literature. It is therefore the pronunciation rather than the spell- 
ing that would be carried over. 

The common name of the lichen in Italy goes back long before the 
date of Micheli, and even before the ‘‘Italian Natural History of 1599”’ 
mentioned in A Modern Herbal by Grieve and Leyel (1931). 

An American vice-consul in Florence once asked that a privately 
printed book which he had seen in Italy be presented to the Astor Library 

(now part of the New York Publie Library). This was a history of the 


3An earlier French form was lorchel, according to Littré, Dictionnaire de la 
Langue Francaise. Orseille is pronounced or-sale in both languages, according to Larousse 
and Littré in French, and Webster in English. 

4 Respia and rusca are mentioned in other Italian sources, but neither these nor 
raspa seems to have survived. 
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famous Rucellai family of Florence,’ and it is one of the few places where 
the origin of the family name and its connection with the lichen used for 
dyeing are recounted. 

‘*And our ancestors were lichen dyers,’’ says the author, ‘‘and in that 
period there was no one in Florence nor even in all Italy except these an- 
cestors of ours who knew how to dye with lichens.’’ One of them had gone 
to the Levant, where the art had been known from the earliest days, and 
brought the secret of the process back with him. ‘‘ And this was the cause 
which gave so much wealth and good living to. our family ... and from 
this art of the lichen dye is derived the name of Rucellai’’ (italic mine). 
The name was originally Oricellai (it occurred also in various other spell- 
ings), but it is as Rucellai that the family became famous. 

The name first achieved prominence about 1250, but it was previous to 
that time that one Marco di Giunta d’Alamanno di Monte de messer Ferro 
came to Italy in the retinue of an emperor (possibly Frederick II, grand- 
son of Frederick Barbarossa, who was crowned in Rome in 1220). The 
stories say he came from Brittany, but from his name one might judge 
that he had come from Germany (then called Allemania). He settled in 
Florence and established a successful mercantile business there, dealing in 
woolens and carrying on commerce with distant places. One of his family, 
probably Federigo, spent a long time in the islands of the eastern Medi- 
terranean, where he found a native lichen being used as a purple dye. 
This was obviously the plant which both Theophrastus and Pliny had re- 
corded as growing in rocks along the seashore of Crete, and used for pro- 
ducing a beautiful purple dye on woolens. They both gave the common 
name of ‘‘seaweed’’ to it, and Pliny noted that no language had any other 
name for it than that used by the Greeks, Phycos thalassion. 

So the date when the names of roccella and orcella came into the lan- 
guage that Dante crystalized is obscured in those first twelve centuries of 
the Christian era. The Spanish, at some time during that period, adopted 
the name of orcigilia, or orciglio, and also used orchilla and orchillo, and 
the Portuguese said urzela (or urzella), all obviously related to the Italian 
word for the lichen and its dye. 

Some of the early botanical authors say that the present generic name 
for the lichen, Roccella, is a diminutive formed from rocca, because the 
species always grows on rocks (botany is full of such ‘‘made up’’ deriva- 
tions). But this does not seem probable, since the word rocca does not 
appear in the classical Latin from which botanical names are most often 
derived. It is possible that the Italian vernacular name of roccella or or- 
cella had this derivation, but the Oxford dictionary dismisses all such 


5**Un mereante fiorentino, Giovanni Rueellai, e la sua famiglia nel secolo XV’’ by 
G. Marcotti, published in Florence in 1881. 
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claims with the flat statement: ‘‘ Whether the original was Oricello or Or- 
ciglio, a derivation from rocca, rock, founded on modern Latin roccella, 
is out of the question.”’ 

Five hundred years after the Rucellai family was established and 
named for the dye-producing lichen which brought it wealth, Linnaeus, 
following some of his botanical predecessors, cailed the plant Lichen Roc- 
cella in his Species Plantarum (ed. 2. 1763). In 1805 Augustin Pyramus 
de Candolle adopted the name Roccella tinctoria for the plant, and this 
it has remained to the present day. 

The name Lacca musica also occurs for Roccella tinctoria in reference 
books, but it seems to have no significance, except as a pseudo-Latin form 
in which musica is an oft-repeated error for musct. Or, it may be an ex- 
tension of the two syllables of lacmus, which is another name for litmus, 
a coloring substance also derived from this lichen. 

These two words pose a similar problem, for if we follow the Webster 
unabridged dictionary, the -mus in litmus stems from the Old Norse word 
for moss, added to litr, meaning dye or color. Thus it was recognized early 
as a dye plant. But the -mus in lacmus comes from the Dutch moes, mean- 
ing pulp; the lac comes from lak, meaning stain, in the original Dutch 
word.® Lacmus, therefore, if the difference actually exists, first referred to 
the dye itself, whereas litmus, now seldom thought of except as a change- 
able coloring matter used for testing acidity and alkalinity, in its original 
form referred only to the lichen from which the dye was obtained.— 
CAROL H. WoopWarp. 


A Note on Buried Cedar Logs at Secaucus, N. J. In the Hackensack 
tidal marsh at Secaucus, N, J., a great number of logs of southern white cedar [Chamae- 
cyparis thyoides (L.) B.S.P.] were recently excavated by the New Jersey State High- 
way Department. During the winter of 1947-1948, the Highway Department, in prepara- 
tion for building a new road, removed great quantities of cedar peat for almost a 
quarter of a mile on the northeast side of Secaucus. It was the purpose of the excava- 
tion to remove the peat down to the clay bottom, at an average depth of ten feet, in 
order to obtain a sound base for fill material. In the course of the operation, many 
cedar logs were removed and are now strewn with the peat along the new highway. 
Many of these logs are large and well preserved, The largest specimen is shown in 
figure 1. This tree was three feet d.b.h, when it ceased growing. Unfortunately it had 
its bole broken at about twenty feet. Its bark is well in place to about ten feet above 
the base and preserved so that it appears as if the tree had fallen only a short time 
ago. The bark is not charred, indicating that the tree had not been subjected to any 
severe burning. Ring counts were made at approximately six feet from the base. This 
was done by cutting out a section with an axe and smoothing a face with a mallet and 


6 The Oxford, however, says that litmus, which came into the language in 1502, is 
altered from the Old Dutch word that in 1794 gave us lacmus, and while referring to 
the Old Norwegian litmosi, does not observe the difference in original meaning. A Nor- 
wegian encyclopedia indicates ‘‘dye moss’’ for both derivation and present meaning of 
the word, and refers to the Old Norse form, litmosi. Sigrid Undset mentions the ‘‘lit- 
mose’’ as a dye plant in her first volume of ‘‘ Kristin Lavransdatter.’’ 
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chisel. There are 304 rings, making the age of the tree at the time of its death 304 
years plus the number of vears it took for the tree to reach a height of six feet. Kors- 
tian and Brush! found, from growth studies on white cedar in New Jersey, that under 
present climatic conditions seven years are required for a tree to grow to six feet. From 
this information, it then appears that the specimen attained the age of 311 years. 

These logs buried below mean sea level at Secaucus are not unusual. Cook noted the 
occurrence of such logs buried below sea level from Nova Scotia to Georgia as early 
as 1857.2 Since this time reports of similarly buried logs have been frequent. With 
periods of rapid encroachment of the land by the sea, due to land subsidence or rise 
in sea level or both, the salt-intolerant cedar gradually dies and becomes incorporated 
with the peat beneath the surface of the coastal marshes.—C, J. HEUSSER. 


REVIEW 


The Study of Plant Communities. By Henry J. Oosting. 389 pp. 
190 figures. 11 tables. W. H. Freeman & Company, San Francisco, Cali- 
fornia, 1948. 

A good basis for an understanding of general plant ecology is provided in this 
book. It can be readily understood by the beginning student; yet it is complete enough 
for a year’s course in ecology. The illustrations are well-selected, abundant, but not 
always printed clearly. 

In addition to the introduction, sections on the community, environment, com- 


1 Korstian, C. F. & Brush, W. D. 1931. Southern white cedar. U.S. Dep. Agr. Tech. 
Bull. 251. 

2 Cook, G. H. 1857. On a subsidence of the land on the sea coast of New Jersey and 
Long Island. Am. Jour. Sei, 74: 341-354. 
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munity dynamics and practical aspects are included. In each section the material is 
well-organized and logically presented. The works of some foreign ecologists as well 
as those published in North America are surveyed, analyzed, and critically evaluated. 
The short lists of general references at the ends of chapters, in addition to the exten- 
sive bibliography preceding the index, are very useful. 

Conopholis americana unfortunately is listed as a saprophyte (p. 27), but it repre- 
sents one of the few and minor errors. 

The last section, ‘‘ Practical Considerations,’’ should prove interesting to the lay 
reader. The importance of ecology in the conservation of renewable natural resources 
and in the affairs of man generally is clearly indicated, Because of this section, it 
should prove to be an unusually valuable biological textbook.—A. J. SHARP. 


PROCEEDINGS OF THE CLUB 


Minutes of the Meeting of December 7, 1948. The meeting was called to order by 
President Small at 8:05 P.M. at Columbia University; 90 members and friends were 
present. Dr. B. M. Duggar of the Lederle Laboratories spoke on ‘‘The Mycological 
Background of Aureomycin.’’ 

The meeting was adjourned at 9: 50; no business was transacted. 

Respectfully submitted, 
DoNnALD P. RoGERs, 
Recording Secretary. 
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on botanical nomenclature. VI. Am. Jour. Bot. 36: 19-22. Ja. [Mr] 1949. 

Perry, Lily M. Plantae papuanae Archboldianae, XIX. Jour. Arnold Arb. 30: 
139-165. 15 Ap 1949. 

Polunin, Nicholas. Botany of the Canadian eastern Arctic. Part ILI. Vegetation 
and ecology. Nat. Mus. Canada Bull. 104: i—vii. 1-304. pl. 1-107. 1948. 

Ponce de Leon, Antonio. Joyas de la flora Cubana. La Baria (Cordia Geras- 
canthus L.) Revista Soe. Cub. Bot. 4: 99. 1 pl. O-D 1947. [1948]. 

Rechinger, K. H. Beitrige zur Kenntnis von Rumex IX. Candollea 11: 229- 
241. Je 1948. 

Renz, Jany. Beitriige zur Kenntnis der siid-und zentral-amerikanischen Orchi- 
deen. Candollea 11: 244-276. f. 5-9. Je 1948. 

Rickett, H. W. An editor’s point of view. Jn: Symposium on botanical nomen- 
clature IV. Am. Jour. Bot. 36: 10-13. Ja [Mr] 1949. 

Rosendahl, Carl Otto. The problem of subspecifie categories. Jn: Symposium on 
botanical nomenclature. VIII. Am. Jour. Bot. 36: 24-27. Ja [Mr] 1949. 

St. John, Harold & Kuykendall, J. Richard. Revision of the native Hawaiian 
species of Gardenia (Rubiaceae). Hawaiian Plant Studies 15. Brittonia 
6: 431-449. f. 1-8. 21 F 1949. 

Schultes, Richard Evans. Plantae austro-americanae V, De plantes principaliter 
Colombiae observationes. Bot. Mus. Leafl. 13: 261-292. pl. 29-31, 18 Ap 
1949. 

Sherff, Earl Edward. Introduction [to Symposium on botanical nomenclature | 
I. Am. Jour. Bot. 36: 1-4. Ja [Mr] 1949. 

Sherff, Earl Edward. A new variety of Gnaphalium sandwicensium Gaud. in 
the Hawaiian Islands. Lloydia 11: 309. D 1948 [Ap 1949]. 

Shinners, Lloyd H. Aster coerulescens the same as A. praealtus. Rhodora 51: 
91, 92. Ap 1949. 
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Shinners, Lloyd H. Aster ontarionis the same as A. pantotrichus (A. mis- 
sourtensis). Rhodora 51: 89-91. Ap 1949. 

Shinners, Lloyd H. Early plant collection returns to Texas. Field & Lab. 17: 
66-68. Ap 1949. 

Shinners, Lloyd H. New names of Texas Chamaesyees. Field & Lab. 17: 69, 70. 
Ap 1949. 

Shinners, Lloyd H. Nomenclature of species of dandelion and goatsbeard 
(Taraxacum and Tragopogon) introduced into Texas. Field & Lab. 17: 
13-19. Ja 1949. 

Shinners, Lloyd H. Notes on Texas Compositae—I. Field & Lab. 17: 23-30. 
Ja 1949. II. 53-64. Ap 1949. 

Smith, Lyman B. Notes on Ecuadorean Bromeliaceae. Lloydia 11: 303-308. 
f. 1-6. D 1948 [Ap 1949]. 

Stratton, R. Some Oklahoma aquatic vascular plants. Proc. Okla. Acad. 28: 
62-65. 1948 [Ja 1949]. 

Swallen, Jason R. New grasses from Honduras, Colombia, Venezuela, Ecuador, 
Bolivia, and Brazil. Contr. U. S. Nat. Herb. 29: 251-276. 1948 {Mr 1949]. 

Venard, Haskell. A necessary transfer in Liatris. Rhodora 51: 34, 35. 4 Mr 
1949. 

Waterfall, U. T. A new species of Sarcostemma from Oklahoma. Rhodora 51: 
58, 59. 1 f. 4 Mr 1949. 

Waterfall, U, T. Two additional genera for the Oklahoma flora. Proc. Okla. 
Acad. 28: 60, 61. 1948 [Ja 1949]. 

Weatherby, C. A. Botanical nomenclature since 1867. In: Symposium on botani- 
cal nomenclature. II. Am. Jour. Bot. 36: 5-7. Ja [Mr] 1949. 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Spermatophytes: Polunin) 

Arens, K. & Pedraita, M. Noticia ecologica sobre Brassavola tuberculata Hook. 
Orquidea [Rio de Janeiro] 10: 164-170. f. 1-5. Je 1948 [Ja 1949], 

Barclay, H. C. The woody vegetation of Bear’s Glen, a Washington Irving 
stopover. Proce. Okla. Acad. 28: 39-57. f. 1-1. 1948. [Ja 1949}. 

Cain, Stanley A. & Slater, John V. The vegetation of Sodon Lake. Am. Midl. 
Nat. 40: 741-762. f. 1-6+ tables 1-9. N 1948 [Ja 1949]. 

Curtis, J. T. & Greene, H. C. A study of relic Wisconsin prairies by the species- 
presence method. Ecology 30: 83-92. f. 1, 2+table 1. Ja [Mr] 1949. 
Gentry, H. S. On the hundredth anniversary of Fouquieria splendens. Des. PI. 

Life 21: 11-13. f. 1-3. Ja [Mr] 1949. 

Lehner, Marion J. The application of Zalenski’s law to certain submerged 
plants. Pap. Mich. Acad. 321 (1946): 91-97. f. 1+ tables 1-3. [Ap 1949]. 

Pendleton, Robert C. The rain shadow effect on the plant formations of Guadal- 
eanal. Ecol. Monogr. 19: 75-93. f. 1-12. Ja [Mr] 1949. 

Roseveare, G. M. The grasslands of Latin America. Bull. Imp. Bur. Pastures & 
Field Corps 36: 1-291. f. 1-15 + pl. 1-9. 1948. 

Stewart, George & Hall, A. C. Cheatgrass (Bromus tectorum L.)—an ecologic 
intruder in southern Idaho. Ecology 30: 58-74. f. 1-5 + table 1. Ja [Mr] 
1949. 

Went, F. W. Ecology of desert plants. II. The effect of rain and temperature 
on germination and growth. Ecology 30: 1-13. f. 1-7 + tables 1-7, Ja [Mr] 
1949. III. Development of plants in the Death Valley National Monument, 
California. 26-38. f. 1-6+ tables 1, 2. 

White, Stephen 8S. The vegetation and flora of the region of the Rio de Bavispe 
in northeastern Sonora, Mexico. Lloydia 11: 229-302. f. 1-26. D 1948 
[Ap 1949]. 
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Wynd, F. L. & Steinbaur, G. P. Correlations between soil properties and pasture 
productivity. Lloydia 11: 171-180. f. 1-5 + tables 1-5. 8 1948 [F 1949]. 

Wynd, F. L., Steinbaur, George P. & Diaz, N. R. Arwndo donax as a forage 
grass in sandy soils. Lloydia 11: 181-184. 8 1948 [F 1949]. 


PALEOBOTANY 

Chaney, R. W. The Miocene occurrence of Sequoia and related conifers in the 
John Day Basin. Proc. Nat. Acad. 35: 125-129. Mr 1949. 

Hansen, Henry P. Postglacial forests in south central Alberta, Canada. Am. 
Jour. Bot. 36: 54-65. f. 1-10. Ja [Mr] 1949. 

Hansen, Ethel B. A post glacial plant succession at Ann Arbor, Michigan, dating 
from the highest Lake Maumee level. Pap. Mich. Acad. 321 (1946): 47-75. 
pl. 1-9. Ap 1949. 

Just, Theodor. The nomenclature of fossil plants. Jn: Symposium on botanical 
nomenclature. IX. -Am. Jour. Bot. 36: 28-32. Ja [Mr] 1949. 

West, Gladys F. A postglacial fossil florula near Forester, Michigan. Pap. 
Mich. Acad. 321 (1946): 151-186. pl. 1-16. Ap 1949. 


MORPHOLOGY 

Costa, Catalina A. Pseudo frutos intracérpicos en ajies. Revista Argent. Agron. 
15; 245-247. f. 1. D 1948. 

Davis, Donald E. Some effects of calcium deficiency on the anatomy of Pinus 
taeda. Am. Jour. Bot. 36: 276-282. f. 1-13. Mr [Ap] 1949. 

Dunlop, Douglas W. Casparian strips in Isoetes macrospora. Bull. Torrey Club 
76: 134, 135. f. 1. Mr 1949. 

Kelly, Sally M. & Black, L. M. The origin, development and cell structure of a 
virus tumor in plants. Am. Jour. Bot. 36: 65-73. f. 1-14. Ja [Mr] 1949. 

Knaysi, Georges. Cytology of bacteria. II. Bot. Rev. 15: 106-151. F 1949. 

Mangelsdorf, Paul C. & Smith, C. Earle. New archaeological evidence on evolu- 
tion in maize. Bot. Mus. Leafl. 13: 213-247. pl. 23-28. 4 Mr 1949. 

Occhioni, Paulo, & De Mattos Fitho, Armando. Estudo anatomico do lenho 
secundério do puchury-rana. Ocotea fragantissima Ducke. Rodriguésia 21: 
1-8. pl. 1-7. 1947 [1948]. 

Reed, John F. & Freytag, George F. The resin sac pattern in the needles of 
Engelmann spruce and blue ta from southeastern Wyoming. Am. Midl. 
Nat. 41: 233-236. tables 1, 2. Ja [Ap] 1949. 

Sterling, Clarence. Embryonic differentiation in Taxus cuspidata. Bull. Torrey 
Club 76: 116-133. f. 1-32. Mr 1949. 

Swamy, B. G. L. Embryological studies in the Orchidaceae. I. Gametophytes. 
Am. Midl. Nat. 41: 184-201. f. 1-39 + tables 1-3. Ja [Ap] 1949. II. Em- 
bryogeny. 202-232. f. 1-47 + tables 1-3. 

Swamy, B. G. L. & Bailey, I. W. The morphology and relationships of Cercidi- 
phyllum. Jour. Arnold Arb. 30: 187-210. pl. 1, 2+/f. 1-8. 15 Ap 1949. 
Waterman, W. G. Cypripedium reginae Walt., the showy ladyslipper. Am. 

Orehid Soe. Bull. 18: 90-97. f. 1-5. F 1949. 

Wylie, Donald E. Variations in leaf structure among Adiantum pedatum plants 
growing in a rock cavern. Am. Jour, Bot. 36: 282-287. f. 1-6. Mr [Ap] 
1949, 

GENETICS 
(See also under Fungi: Hirsch; Olive) 

Chilton, 8. J. P. & Wheeler, H. E. Genetics of Glomerella. VI. Linkage. Am. 

Jour. Bot. 36: 270-273. f. 1+ tables 1, 2. Mr [Ap] 1949. 


BULLETIN OF THE TORREY BOTANICAL CLUB (Vol. 76 


Emsweller, 8. L. Colchicine-induced polyploidy in Liliwm longiflorwm. Am. Jour. 
Bot. 36: 135-144. f. 1-4 + tables 1, 2. Ja [Mr] 1949. 

Kincaid, Randall R. Three interspecific hybrids of tobacco. Phytopathology 39: 
284-287. f. 1, 2. Ap 1949. 

Labouriau, Luiz Gouvéa. Contribution A 1’étude des formes biologiques végé- 
tales. Rodriguésia 21: 13-19. D 1947 [1948]. 

Rhoades, M. M. & Kerr, Warwick E. A note on centromere organization. Proce. 
Nat. Acad. 35: 129-132. f. 1. Mr 1949. 

Stebbins, G. L. & Walters, Marta Sherman. Artificial and natural hybrids in 
the Gramineae, tribe Hordeae. III. Hybrids involving Elymus condensatus 
and E. triticoides. Am. Jour. Bot. 36: 291-301. f. 1-9+ tables 1-3. Mr 
[Ap] 1949. 

PLANT PHYSIOLOGY 

Arnon, Daniel I. Copper enzymes in isolated chloroplasts. Polyphenoloxidase 
in Beta vulgaris. Plant Physiol. 24: 1-15. f. 1-8. Ja 1949. 

Bennett, Norah & Loomis, W. E. Tetrazolium chloride as a test reagent for 
freezing injury of seed corn. Plant Physiol. 24: 162-174. f. 1. Ja 1949. 
Braun, Armin C. The réle of thiamin and certain related compounds in pigment 
porduction by Corynebacterium michiganense (Erw. Smith) Jensen. Phyto- 

pathology 39: 171, 172. f. 1+ table 1. F 1949. 

Caldecott, Richard S. & Smith, Luther. Resuscitation of heat-inactivated seeds 
with X-radiation. Jour. Hered. 39: 195-198. J1 1948. 

Campillo, C. C. Presencia en el suelo de substancias inhibidoras del crecimiento 
de Rhizobium. Anal. Ese. Nac. Ci. Biol. [Mexico] 4: 339-352. Au 1947. 

Christiansen, G. 8. et al. The action of growth inhibitors on carbohydrate metab- 
olism in the pea. Plant Physiol. 24: 178-181. Ja 1949. 

Crafts, A. S. & Emanuelli, A. Some experiments with herbicides in pineapples. 
Bot. Gaz. 110: 312-319. f. 1-3. D 1948 [Ja 1949]. 

Crane, Julian C. & Blondeau, René. The use of growth regulating chemicals 
to induce parthenocarpic fruit in the Calimyra fig. Plant Physiol. 24: 44— 
54. f. 1, 2. Ja 1949. 

Cramer, Marion & Myers, Jack. Nitrate reduction and assimilation in Chlorella. 
Jour. Gen. Physiol. 32: 93-110. f. 1, 2. S [O] 1948. 

Evenari, Michael. Germination inhibitors. Bot. Rev. 15: 153-194. Mr 1949. 

Gall, Harold F. Some effects of 2,4-Dichlorophenoxyacetic acid on starch diges- 
tion and reducing activity in bean tissue cultures. Bot. Gaz. 110: 319-323. 
f. 1, 2. D 1948 [Ja 1949}. 

Galston, Arthur W. & Hand, Margery E. Studies on the physiology of light 
action. 1. Auxin and the light inhibition of growth. Am: Jour. Bot. 36: 
85-94. f. 1-11 + tables 1-10. Ja [Mr] 1949. 

Gunckel, James E., Thimann, Kenneth V. & Wetmore, Ralph H. Studies of 
development in long shoots and short shoots of Ginkgo biloba L. IV. Growth 
habit, shoot expression and the mechanism of its control. Am. Jour. Bot. 
36: 309-316. f. 1-13 + tables 1-5. Mr [Ap] 1949. 

Hamilton, Helen Hewett. A developmental study of the apical meristem in 
four varieties of Avena sativa grown at two temperatures. Am. Jour. Bot. 
35: 656-665. f. 1-26. D 1948 [F 1949]. 

Hammar, Harald E. & Hunter, James H. Influence of fertilizer treatment on 
the chemical composition of Moore pecan leaves during nut development. 
Plant Physiol. 24: 16-30. f. 1-11. Ja 1949. 
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Harris, Henry C. The effect on the growth of peanuts of nutrient deficiencies in 
the root and the pegging zone. Plant Physiol. 24: 150-161. f. 1, 2. Ja 1949. 

Hewitt, 8S. P. & Curtis, O. F. The effect of temperature on loss of dry matter and 
carbohydrate from leaves by respiration and translocation. Am. Jour. Bot. 
35: 746-755. f. 1-17. D 1948 [F 1949]. 

Hildebrandt, Albert C. & Riker, A. J. The influence of various carbon com- 
pounds on the growth of marigold, Paris-daisy, periwinkle, sunflower and 
tobacco tissue in vitro. Am. Jour. Bot. 36: 74-85. f. 1-4+tables 1-4. 
Ja [Mr] 1949. 

King, Gladys 8. Direct and transmitted X-ray effects of growth of tobacco cal- 
lus in vitro. Am. Jour. Bot. 36: 265-270. f. 1-4 + tables 1-3. Mr [Ap] 1949. 

Larsen, Poul. Conversion of indole acetaldehyde to indoleacetic acid in excised 
coleoptiles and in coleoptile juice. Am. Jour. Bot. 36: 32-41. f. 1-4 + tables 
1-4. Ja [Mr] 1949. 

Lepeschkin, W. W. Some aspects of the state of chlorophyll in chloroplasts. 
Plant Physiol. 24: 175-177. f. 1, 2. Ja 1949. 

Loomis, W. E. Mechanism of protein synthesis. Proc. Iowa Acad. 54: 155-159. 
1947 [1948]. 

Myers, Jack & Cramer, Marion. Metabolic conditions in Chlorella. Jour. Gen. 
Physiol. 32: 103-110. f. 1. S [O] 1948. 

Murphy, H. F. Some data on Cassia Tora. Proc. Okla. Acad. 28: 57, 58. 1948. 

Myers, Jack & Johnston, James A. Carbon and nitrogen balance of Chlorella 
during growth. Plant Physiol. 24: 111-119. f. 1. Ja 1949. 

Nance, Jean Phillips. A comparison of carbohydrate loss and carbon dioxide 
production during fermentation by barley roots. Am. Jour. Bot. 36: 274- 
276. tables 1, 2. Mr [Ap] 1949. 

Perlman, D. Effects of minor elements on the physiology of fungi. Bot. Rev. 
15: 195-220. Mr 1949. 

Perlman, D. Production of penicillin on natural media. Bull. Torrey Club 76: 
79-81. tables 1-3. Mr 1949. 

Peterson, Maurice L. & Loomis, W. E. Effects of photoperiod and temperature 
on growth and flowering of Kentucky bluegrass. Plant Physiol. 24: 31-43. 
f. 1, 2. Ja 1949. 

Porter, R. H. Recent developments in seed technology. Bot. Rev. 15: 221-282. 
Ap 1949. 

Rawitscher, Felix & Erika. Inadequacy of potometry for measuring plant 
transpiration. Nature 163: 68, 69. Ja 1949. 

Robbins, William J. & Stebbins, Mary. An additional report on the growth of 
excised tomato roots. Bull. Torrey Club 76: 136—140. f. 1+ table 1. Mr 1949. 

Rossman, Elmer C. & Staniforth, David W. Effects of 2,4-D on inbred lines and 
a single cross of maize. Plant Physiol. 24: 60-74. f. 1-5. Ja 1949. 

Sass, J. E. & Sylvester, E. P. Specific tissue responses of some weeds to 2-4 
dichlorphenoxyacetice acid. Proc. Iowa Acad. 54: 179. 1947. [1948]. 

Skoog, Folke & Tsui, Cheng. Chemical control of growth and bud formation in 
tobacco stem segments and callus cultured vitro. Am. Jour. Bot. 35: 782- 
787. f. 1-3 + tables 1-4. D 1948 [F 1949}. 

Small, James & Jackson, Trevor. Buffer index values in relation to soil-pH 
tolerances. Plant Physiol. 24: 75-83. f. 1. Ja 1949. 

Spoehr, H. A. & Miller, Harold W. The chemical composition of Chlorella; 
effect of environmental conditions. Plant Physiol. 24: 120-149. f. 1-5. 
Ja 1949. 




















316 BULLETIN OF THE TORREY BOTANICAL CLUB (Vol. 76 


Stafford, Helen A. Studies on the growth and xylary development of Phleum 
pratense seedlings in darkness and in light. Am. Jour. Bot. 35: 706-715. 
f. 1-17 + tables 1-5. D 1948 [F 1949]. 

Taylor, Carl A. Some factors affecting germination of celery seed. Plant 
Physiol. 24: 93-102. f. 1-6. Ja 1949. 

Weaver, Robert J. Some uses of activated carbon in contratoxification of plant 
growth-regulators. Bot. Gaz. 110: 300-312. f. 1-4. D 1948 [Ja 1949]. 

Wildman, 8. G. & Bonner, James. Observations on the chemical nature and 
formation of auxin in the Avena coleoptile. Am. Jour. Bot. 35: 740-746. 
f. 1, 2+ tables 1-5. D 1948. [F 1949]. 

Wildman, 8. G. & Muir, R. M. Observations on the mechanism of auxin forma- 
tion in plant tissues. Plant Physiol. 24: 84-92. f. 1, 2. Ja 1949. 

Wilson, C. C. & Kramer, P. J. Relation between root respiration and absorption. 
Plant Physiol. 24: 55-59. f. 1, 2. Ja 1949. 

Winokur, Morris. Aging effects in Chlorella cultures. Am. Jour. Bot. 36: 287-— 
291. f. 1-3 + tables 1, 2. Mr [Ap] 1949. 

Yin, H. C. & Sun, C. N. Localization of phosphorylase and of starch formation 

in seeds. Plant Physiol. 24: 103-110. f. 1-3. Ja 1949. 


PHYTOPATHOLOGY 
(See also under Morphology: Kelly & Black) 

Bier, J. E., Salisbury, P. J. & Waldie, R. A. Studies in forest pathology. V. 
Decay in fir, Abies lasiocarpa and A. amabilis, in the upper Fraser region of 
British Columbia. Dom. Canada Dep. of Agr. Publ. 804 (Tech. Bull. 66): 
3-28. pl. 1-5 + f. 1-9. Je 1948. 

Buchholtz, W. F. A comparison of gross pathogenic effects of Pythium grami- 
nicola, Pythium debaryanum and Helminthosporium sativum on seedlings 
of crested wheat-grass. Phytopathology 39: 102-116. f. 1-5+tables 1-4. 
F 1949. 

Cation, Donald. Transmission of cherry yellows virus complex through seeds. 
Phytopathology 39: 37-40. f. 1, 2+table 1. Ja 1949. 

Ciferri, R. Infectious chlorosis of banana in Colombia. Nature 163: 175. Ja 
1949. 

Coleman, Madeline F. & Reid, James J. The conversion of strains of Alcaligenes 
radiobacter and Phytomonas tumefaciens in the ‘‘S’’ phase to the ‘‘M’’ 
phase of the heterologous species. Phytopathology 39: 182-190. tables 
1-3. Mr 1949. 

Fulton, Robert W. Virus concentration in plants acquiring tolerance to tobacco 
streak. Phytopathology 39: 231-243. f. 1+ tables 1-5. Mr 1949. 

Garrard, E. H. Fasciation of sweet peas. Canad. Jour. Res. C. 26: 158-163. 
f. 1-9. Ap [Je] 1949. 

Gorenz, A. M., Larson, R. H. & Walker, J. C. Factors affecting pathogenicity 
of pink root fungus of onions. Jour. Agr. Res. 78: 1-18. f. 1-5 + tables 
1-13. Ja 1949. 

Hahn, Glenn Gardner. Evidence of the non-existence of physiological races in 
Cronatrium ribicola. Phytopathology 39: 85-87. Ja 1949. 

Hansing, E. D. & Johnston, C. O. Kansas phytopathological notes: 1947. Trans. 
Kans. Acad. 515: 318-323. 1948. 

Hawboldt, L. S. & Skolko, A. J. Investigation of yellow-birch dieback in Nova 
Scotia in 1947. Jour. Forest. 46: 659-671. f. 1-10. 1948. 

Hodgson, Roland, Peterson, W. H. & Riker, A. J. The toxicity of polysaccharides 
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and other molecules to tomato cuttings. Phytopathology 39: 47-62. f. 1, 2+ 
tables 1-6. Ja 1949. 

Hooker, W. J. & Sass, J. E. Some historical features of potato stem necrosis as- 
sociated with Actinomyces scabies. Proc. Iowa Acad. 54: 139. 1947 [1948]. 

Hoppe, Paul E. Differences in Pythium injury to corn seedlings at high and low 
soil temperatures. Phytopathology 39: 77-84. f. 1-3 + table 1. Ja 1949. 

Hunter, Lillian M. A study of the mycelium and haustoria of the rusts of 
Abies. Canad. Jour. Res. C. 26: 219-238. f. 1-45. Je [Au] 1948. 

Jensen, D. D. Papaya ringspot virus and its insect vector relationships. Phyto- 
pathology 39: 212-220. tables 1-3. Mr 1949. 

Jensen, D. D. Papaya virus diseases with special reference to papaya ringspot. 
Phytopathology 39: 191-211. f. 1-3+ tables 1, 2. Mr 1949. 

Johnson, T. Field infection experiments with races 15A and 15B of Puccinia 
graminis tritici. Phytopathology 39: 41-46. table 1. Ja 1949. 

Jones, Linus H. Soil temperature as a factor in the frenching of tobacco (Nico- 
tiana tabacum L.). Plant Physiol. 23: 560-575. f. 1-4. O 1948. 

Jones, Linus H. & Tio, Marco A. Unavailability of iron as a cause of frenching 
of tobacco (Nicotiana tabacum L.). Plant Physiol. 23: 576-594. f. 1, 2. 
O 1948. 
King, C. J. & Brinkerhoff, L. A. The dissemination of Xanthomonas malva- 
cearum by irrigation water. Phytopathology 39: 88-90. f. 1. Ja 1949. 
Kreitiow, K. W. Sclerotinia trifoliorum, a pathogen of Ladino clover. Phyto- 
pathology 39: 158-166. f. 1-3 + tables 1, 2. F 1949. 

Nelson, K. E., Hewitt, W. B. & Break, R. A. Arsenite spray injury to grape 
canes through leaf sears. Phytopathology 39: 71-76. f. 1, 2.+table 1. 
Ja 1949. 

Peturson, B. The occurrence of Puccinia coronata on Rhamnus Frangula in 
Canada. Phytopathology 39: 142-148. f. 1+ tables 1, 2. F 1949. 

Prasad, N. Variability of the evcurbit root-rot fungus, Fusarium (Hypomyces) 
solani f. cucurbitae. Phytopathology 39: 133-141. f. 1, 2+ tables 1-0. 
F 1949. 

Rich, Saul. Some relations between Phaseolus virus 2 and its associated crystal- 
line inclusions. Phytopathology 39: 221-224. tables 1, 2. Mr 1949. 

Severin, Henry H. P. Additional virus diseases of spinach in California. Hil- 
gardia 18: 553-558. pl. 1-8+/. 1. N 1948. 

Severin, Henry H. P. & Tompkins, C. M. Aphid transmission of mild mosaic 
virus of annual stock. Hilgardia 18: 539-547. pl. 1-4 + tables 1-7. N 1948. 

Sharp, D. G. & Wolf, F. A. The virus of tobacco leaf-curl. Phytopathology 39: 
225-230. f. 14. Mr 1949. 

Soderman, Clarence H. & Mac Lean, Neil Allen. Rhizoctonia neck and bulb rot 
of iris in the Pacific Northwest. Phytopathology 39: 174, 175. f. 1. F 1949. 

Stafford, E. M. & Barnes, D. F. Biology of the fig seale in California. Hilgardia 
18: 567-598. f. 1-15 + tables 1-13. N 1948 

Steinberg, Robert A. & Clayton, E. E. Chemical soil treatment for black root 
rot of tobacco in the greenhouse. Phytopathology 39: 155-157. table 1. 
F 1949. 

Sylvester, Edward S. Transmission of sugar-beet yellow-net virus by green 
peach aphid. Phytopathology 39: 117-132. tables 1-8. F 1949. 

Tisdale, W. B. & Ruehle, George D. Phythium root rot of aroids and Easter 
lilies. Phytopathology 39: 167-170. f. 1, 2. F 1949. 

Toole, E. Richard & Hepting, George H. Selection and propagation of Albizzia 
for resistance to Fusarium wilt. Phytopathology 39: 63-70. f. 1+ tables 
1-3. Ja 1949. 
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Zeller, 8. M. & Campbell, Leo. Synchytrium found on the roots of strawberry. 
Phytopathology 39: 149-151. f. 1. F 1949. 


GENERAL BOTANY 
( Including Biography ) 

Bailey, D. L. One hundred years of science in Canada: Botany. Trans. Roy. 
Canad. Inst. (Centennial Vol.) 28: 25-35. 1949. [D 1948]. 

Bailey, William M. Some pioneers in natural history and biology in southern 
Illinois. Trans. Ill. Acad. 41: 23-26, 1948. 

Ewan, Joseph. Botanical explorers of Colorado—I. Charles Christopher Parry. 
[Colo. Mt. Club] Trail & Timberline 268: 55-57, 59. port. Ap 1941. II. 
Edwin James. 282: 79-84. port. Je 1942. III. John Charles Fremont. 291: 
31-37. port. Mr. 1943. IV. Harry Norton Patterson, 293: 62, 63. port. My 
1943. V. Thomas Conrad Porter. 305: 55-57. port. My 1944. VI. Marcus 
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